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MOTOROLA'S 
MICROCONTROLLER AND MICROPROCESSOR 
FAMILIES 


Motorola manufactures the industry’s most complete selection of solid-state microcontroller units 
(MCU) and microprocessor (MPU), providing the performance and design flexibility needed by 
the design engineer. 


Motorola's family concept has been extremely popular in the MCU industry. This family concept 
was pioneered with the introduction of the M6800 Family 1974. Four families have evolved from 
the M6800 Family to fulfill expanding customer requirements. These families are the M68HC11, 
M6801, M6805, and the M6804. Figure 1-1 illustrates the family evolution. 


Numerous peripheral devices have been developed and are available to support the MCUs and 
MPUs. 


M68HC1 1/M6801/M6805/M6804 FAMILIES 


The M68HC11 Family offers high performance in a single-chip MCU with Electronic Eraseable 
Programmable Read Only Memory (EEPROM), a 16-bit timer, a Serial Communication Interface 
(SCi), a Serial Peripheral Interface (SPI), and an 8-bit Analog-to-Digital (A/D) converter. The M6801 
Family includes high performance in a single chip with Eraseable Programmable Read Only 
Memory (EPROM) and SCI. The rapidly expanding M6805 Family is available in a variety of memory 
and package sizes with various special Input/Output (I/O) functions. The M6805 is available in 
High-Density N-Channel Metal Oxide Silicon (HMOS), Complementary Metal Oxide Silicon (CMOS), 
and High-Density Complementary Metal Oxide Silicon (HCMOS). The M6804 Family now provides 
the 8-bit processing capabilities that compete in the 4-bit price arena. A One Time Programmable 
Read Only Memory (OTPROM) is also available in the M68HC11, M6804, and M6805 Families. 


Technology 


Motorola’s first MCUs and MPUs were produced in HMOS which offered a low cost single-chip 
solution in high production volumes. CMOS was then introduced which offered very low power 
consumption and a wide power supply tolerance at performance levels similar to HMOS. The 
introduction of HCMOS offered the best of both worlds, with high-density and low power con- 
sumption. Tables 1-1 and 1-2 list Motorola’s MCUs, MPUs, and peripheral product line by tech- 
nology. 


ROM Size 


The mask ROM capacities of the present single-chip MCUs range from a low of 512 bytes in the 
M6804 Family to a high of 8K in the M68HC11 Family. Refer to Table 1-3 through 1-7 to determine 
what ROM is offered in the MCU product line. In selecting ROM size, the ROM usage efficiency 
of the instruction set should be considered, along with the application to be programmed. 
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Table 1-1. MCU/MPU Technology Listing 





MC6800 MC68705P3 MC68HC04J2 MC68HSC05C4 MC146805E2 
MC6801 MC68705P5 MC68HC04J3 MC68HSC05C8 MC146805F2 
MC6801U4 MC6805R2 MC68HC04P4 MC68HC705B5 MC146805G2 
MC68701 MC6805R3 MC68HC704P4 MC68HC705C8 
MC68701U4 MC68705R3 MC68HC05A6 MC68HC805C4 
MC6802 MC68705R5 MC68HC05B4 MC68HC11A0 
MC6803 MC6805S2 MC68HCO5B6 MC68HC11A1 
MC6803U4 MC6805S3 MC68HC805B6 MC68HC11A8 
MC6804J1 MC68705S3 MC68HC05C2 MC68HC11D3 
MC6804J2 MC6805U2 MC68HC05C3 MC68HC11E1 
MC6804P2 MC6805U3 MC68HC05C4 MC68HC11E9 
MC68704P2 MC68705U3 MC68HC05C8 MC68HC11F1 
MC6805P2 MC68705U5 MC68HCO05C9 MC68HC711A8 
MC6805P6 MC6809/9E MC68HCO5L6 MC68HC711D3 
MC68HC05M4 MC68HC711E9 
MC68HCO5P1 MC68HC811E2 
MC68HCLO05C4 
MC68HCLO5C8 


Table 1-2. Peripheral Technology Listing 


HMOS/NMOS HCMOS 



































MC6810 MC6821 MC68HC24 MC68HC34 MC146818 
MC6840 MC6844 MC68HC99 MC146818A 
MC6845 MC6850 MC 146823 
MC6852 MC6854 

MC6898 MC68488 


MC2672 MC2674 


Non-Mask ROM Versions 


EEPROM, EPROM, OTPROM, and/or non-ROM versions are offered in practically all single-chip 
MCUs. These versions serve for limited to high volume applications, prototype debugging, and 
field trials. EEPROM and OTPROM versions are available in the M6805 and M68HC11 Families. 
EPROM versions are available in the M6805 and M6801 Families. Refer to Table 1-3 through 1-7 
to determine what is offered in the MCU product line. 


RAM Size 


On-chip Random Access Memory (RAM) sizes range from 30 bytes in the M6804 Family to 512 
bytes in M68HC11 Family. The M6805 has versions of 64, 104, 112, and 176 bytes. Architectures 
such as the M68HC11, M6801, and M6805 Families, which permit multi-level subroutines plus 
ROM and RAM data tables, allow trade-off ROM and RAM utilization. ROM usage can be minimized 
with subroutines and look-up tables, while RAM usage can be optimizes with ROM tables and 
fewer subroutines. | 


Digital Input/Output 


Single-chip MCUs are available in 52-pin quad packages as well as the smaller (and lower cost) 
20-pin packages. Five to fourteen pins serve power and control functions permitting up to 12 I/O 
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pins in a 20-pin package and up to 38 I/O pins in the 48/52 pin verions. All of the MCUs offer 
essentially a mix of inputs and outputs. nIgner output drive current is 3 available in the M6805 
Family. ) 


Expansion Bus 


The non-ROM versions include a bus to access off-chip program memory and additional I/O. The 
M6801 Family also includes a three bus structure for off-chip expansion. The three bus structure 
permits the number of bus pins to be optimized for the amount of address space needed off-chip. 
The M68HC11 Family can ewer in an expanded mode and address up to 64K Bytes: of external 
memory. 


Interrupts 


When an application program must synchronize with two or more external events, interrupt 
hardware in some form is usually necessary. The M68HC11, M6801, and M6805 Families include 
fully automatic interrupts (registers are saved) with programmable vectors for both an external 
and internal timer. 


Timers 


Timers are the most frequently used on-chip functions. Timers may generate interrupts to a 
program at a periodic rate, measure external events, and generate measured output waveforms. 
The M68HC11, M6801, and M68HC05 devices include a 16-bit timer that may be used to perform 
three of the preceeding functions simultaneously. The M6805 and M6804 timers consist of a 
programmable 8-bit counter and selectable 7-bit prescaler. 


Special Functions 


Various members of the MCU Families include additional I/O functions. For example, the M68HC11, 
M6801, and some of the M6805 Family include a SCI. The SCI is used for long-range communi- 
cations, as in data transfer from an MCU to a terminal or modem. The M68HC11 Family and some 
of the M6805 Family also contain a SPI. The SPI is used primarily for serial communication between 
chips on the same printed circuit board. Selected members of the M68HC11 and M6805 Family 
include multi-channel A/D converters. The MC6805R/S versions contain four analog input channels, 
and the M68HC11 MCUs features up to eight analog input channels. 


DEVELOPMENT SUPPORT 


The M68HC11, M6801, and M6804, and M6805 Families are fully supported by a series of eco- 
nomical evaluation modules (EVM). A more powerful development system is also available in the 
HDS-300. The support products are covered in more detail in Chapter 5 Evaluation Modules. 


SINGLE-CHIP SELECTOR GUIDES 


Tables 1-3 through 1-7 list the different features available for devices within a family. The tables 
provide information as to RAM, ROM, EPROM, timer, etc. Table 1-8 lists the OTPROM devices 
available. 
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Table 1-3. M6801 Family Selector Guide 


DEVICE 











6801 
68701 
6803 
6801U4 
68701U4 
| 6803U4 




















Definitions: 
P = Plastic 
S = Cerdip 
/O — Input/Output 
SCI = Serial Communication Interface 
RAM = Random Access Memory 
ROM = Read Only Memory 
EPROM = Eraseable Programmable ROM 


Table 1-4. M6804 Family Selector Guide 






DEVICE 



















6804P2 
68704P2 
6804J1 
6804J2 
68HC04P4 
68HC04J2 
68HC04J3 
68HC704P4 
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Definitions: 


P = Plastic 
S = Cerdip 
FN = Plastic Leaded Chip Carrier 
/O = Input/Output 
RAM = Random Access Memory 
ROM = Read Only Memory 
EPROM = Eraseable Programmable ROM 
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DEVICE 


6805P2 
6805P6 
68705P3 
68705P5 
6805R2 
6805R3 
68705R3 
68705R5 
680582 
6805S3 
68705S3 
6805U2 
6805U3 
68705U3 
68705U5 









Definitions: 


Table 1-5. M6805 Family Selector Guide 




















P = Plastic 

S = Cerdip 
FN = Plastic Leaded Chip Carrier 
I/O = Input/Output 


RAM = Random Access Memory 
ROM = Read Only Memory 


EEPROM = Eraseable Programmable ROM 


SPI = Serial Peripheral Interface 
A/D = Analog/Digital Converter 
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P,S,FN 
S 
S 
P,S,FN 
P,S,FN 
S 
S 
P,S,FN 
P,S,FN 
S 
P,S,FN 
P,S,FN 
S 
S 
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Table 1-6. M6805 HCMOS/CMOS Family Selector Guide 





DEVICE 


68HCO5A6 
68HCO5B4 
68HCO5B6 
68HC05C2 
68HC05C3 
68HC05C4 
68HC05C8 
68HCO5L6 
68HCO5M4 
68HCLO5C4 
68HCLO5C8 
68HSC05C4 
68HSC05C8 
68HC705C8 
68HC805B6 
68HC805C4 
146805E2 
146805F2 
146805G2 


















Definitions: 
P = Plastic 
S = Cerdip 
FN = Plastic Leaded Chip Carrier 
//O = Input/Output 
A/D = Analog/Digital Converter 
SCI = Serial Communications Interface 
SP! = Serial Peripheral Interface 
RAM = Random Access Memory 
ROM = Read Only Memory 
EPROM = Eraseable Programmable ROM 
EEPROM = Electrical Eraseable ROM 


i 
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Table 1-7. M68HC11 Family Selector Guide 
















DEVICE 





68HC11A0 
68HC11A1 
68HC11A8 
68HC11D3 
68HC11E1 

68HC11E9 
68HC11F1 

68HC811E2 


Definitions: 


P = Plastic 

FN = Plastic Leaded Chip Carrier 
/O = Input/Output 
A/D = Analog/Digital Converter 
SCI = Serial Communication Interface 
SPI = Serial Peripheral Interface 

RAM = Random Access Memory 

ROM = Read Only Memory 

EPROM = Eraseable Programmable ROM 
EEPROM = Electrical Eraseable ROM 


Table 1-8. One-Time Programmable ROM (OTPROM) Devices 
OTPROM| RAM ie Timer COP Pin 
(Bytes) | (Bytes) Bit Watchdog Package 
= 


A/D, SCI 
SPI 
Pano | me [| | 8 | — 
28 
=a 

















oO 
: 


NOTES: 
1. Use MC68HC705C8 for window emulation. 
2. Definitions: 
FN = Plastic Quad (PLCC) 
DW = Small Outline (Wide-Body SOIC) 
DIP = Dual-in-Line Package 
RAM = Random Access Memory 
I/O = Input/Output 
A/D = Analog/Digital 
SCI = Serial Communications Interface 
SPI = Serial Peripheral Interface 
COP = Computer Operating Properly 
3. *Available in 1989. 


A/D, SCI, SPI 
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MICROPROCESSOR PRODUCTS GROUP 
RELIABILITY AND QUALITY ASSURANCE 
1987 ANNUAL RELIABILITY REPORT 
SUMMARY 


INTRODUCTION 


The Motorola MOS Microprocessor Reliability and Quality Monitor (R&QA) Program is designed 
to generate an ongoing data base of reliability and quality performance for various categories of 
Microprocessor products. The primary purpose of the program is to identify negative trends in 
the data so that immediate corrective action can be taken. The program also allows Motorola to 
develop a large data base of reliability and quality results that can be reported quarterly to 
customers. The following report summarizes the reliability and quality data for 1987. 


The reliability monitor tests are conducted on sample groups pulled on a quarterly basis from 
major categories of products representing a matrix of processing and packaging technologies. 
Product mix, sample availability and equipment capacity may cause the specific sample groups 
pulled for a given quarter to vary from quarter to quarter. Each sample group has a specific set 
of reliability tests associated with it that are appropriate for that product type based on our history 
for that classification. At the end of each quarter, results are reported for all sample groups that 
have completed testing. In addition at the end of each year a complete summary of the 4 quarters 
is reported. 


The quality results that are reported are the electrical and visual/mechanical (Average Outgoing 
Quality (AOQ), given in parts per million defective) for the Microprocessor Group. This data 
represents the summary of results from the QC gate operation performed on every lot during 
1987. Electrical AOQ represents any AC, DC, or functional failure at any temperature (each lot 
may be typically gated at hot, room or cold temperatures). Visual/mechanical AOOQ represents 
failures such as bent leads, incorrect marking, marking permanency problems, and cracked pack- 
ages. The AOO reported is the product the process average (ratio of defective devices to largest 
sample size) and the lot acceptance rate. 


QUALITY AND RELIABILITY SYSTEM 


A complete Reliability and Quality Assurance (R&OA) system is in place to monitor and control 
the performance of Motorola’s MOS Microprocessor Components. Incoming Quality Control in- 
spects starting wafers, masks, chemicals, package piece parts, and molding compounds. Process 
Engineering and In-Process Quality Control perform step-by-step monitoring of the wafer process 
to check oxidation, diffusion, photolithography, ion implantation, polysilicon deposition, metal- 
lization, passivation, and other process operations. Final visual, class probe, and capacitance- 
voltage plots complete the wafer area inspection. Environmental monitors are also performed for 
air cleanliness, water quality, temperature, and humidity. 


In the assembly area, In-Process Quality Control performs monitors on equipment performance 
and gate inspections at the major process steps on all lots. The Outgoing Quality Control group 
continues this philosophy in the final test area by performing electrical and visual-mechanical 
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gates. The electrical inspection, which consists of AC, DC, and functional tests, is performed to a 
0.1% (maximum) Acceptable Quality Level (AQL) sampling plan. The visual/mechanical inspection 
is also performed to a 0.1% AOL sampling plan. Any lot which fails either of these gates is returned 
to production for 100% rescreen. An R&OA Engineering organization exists to approve final test 
programs and support the Outgoing Quality Control organization. Test programs are tailored to 
assure all required specifications are met or the devices are rejected. 


The R&QOA Engineering organization is also responsible for performing qualifications of new 
designs and process changes prior to introduction. In addition, R&OQA Engineering establishes 
and maintains monitor programs to assure processes stay in control once they are qualified. 
Results from these programs provide rapid feedback to correct problems as they occur. 





Supporting these efforts is the Metrology Laboratory which includes both a Standards and a 
Calibration Laboratory to provide National Bureau of Standards traceability to all production 
measurements. 


Also offering required support are a Chemical Laboratory with such equipment as a gas chro- 
matograph/mass spectrograph and X-ray fluorescent systems for detailed incoming chemical 
analyses; a Surface Analysis Laboratory whose equipment includes a Scanning Electron Micro- 
scope (SEM) and a Scanning Auger Microprobe (SAM); and a Product Analysis Laboratory for 
detailed analyses of failure modes and mechanisms for Microprocessor devices. 


PACKAGING SYSTEM 


Motorola Microprocessor devices are produced in plastic, CERDIP, PGA, and sidebraze packages. 
The ceramic package types are hermetically sealed to protect the integrated circuit from environ- 
mental factors and permit operation over extreme temperature ranges. Although plastic devices 
are not hermetic, modern epoxies exhibit extremely high moisture resistance, and long lifetimes 
may therefore be expected from these devices in typical environments. 


In recent years, plastic encapsulated devices have gained widespread acceptance throughout the 
electronics industry. Improvements in materials and process controls have resulted in significant 
improvements in reliability performance. In addition, plastic packages have the advantage of low 
cost and physical strength. 


Encapsulated integrated circuits incorporate the simpliest processing and package construction 
of the various systems available. The die is attached to a leadframe, wire bonded and encapsulated 
using an epoxy novolac molding compound. The die may be attached to the leadframe by epoxy 
or by any of a variety of eutectic forming metal preforms. Wire bonding in plastic may be ther- 
mocompression or thermosonic, but the wire is always gold. The encapsulant is the most critical 
component of the system since it controls contamination, moisture resistance, and stress effects. 
Epoxy novolacs have become the industry standard molding compound since they combine 
excellent characteristics in all these areas. 


The plastic package is, by far, the most resistant to physical damage since the die is completely 
encapsulated and cavity hermeticity is not a concern. Since the package is light in weight and the 
plastic is less brittle than ceramic, chipping and cosmetic damage are not problems. The leadframe 
and plating are equivalent to CERDIP. 


In comparing plastic to ceramic packages, there are two characteristics to be considered: moisture 
resistance and thermal characteristics. Microprocessor plastic products perform very well on 
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moisture resistance related tests. This is due to advances in molding compounds, the characteristic 
low voltages and the moderate power dissipation of Microprocessor products. In most instances 
plastic devices will provide excellent performance, essentially equivalent to hermetic performance. 
Thermal resistance has been improved dramatically through the introduction of copper lead- 
frames, and this results in lower junction temperatures, and subsequent improvements in electrical 
characteristics and reliability performance. 


Many users of integrated circuits continue to have requirements or preferences for hermetically 
sealed ceramic packages. These requirements are usually based on applications in a highly humid 
environment, increased temperature range or high power dissipation. Motorola produces two 
different types of ceramic packaged devices: CERDIP and sidebraze. 


The sidebraze, or solder seal, package is composed of three layers of alumina which are screened 
with refractory metal such as tungsten or moly manganese and fired together to form the package 
body with a cavity for the die. The refractory metal is then plated and Alloy 42 leadframes are 
brazed to the bottom, sides or top of the package, depending on the vendor. The advantage of 
the sidebraze version is accurate lead alignment without the need for forming. The final piece 
part operation is plating, which may be gold or tin with a selective gold plate in the cavity. Although 
epoxy die bonding is feasible in this package — due to the higher sealing temperature, most 
manufacturers, including Motorola, employ a eutectic bond. Both aluminum ultrasonic wire bond- 
ing and gold thermocompression bonding are used in this package. 


The cerdip package is composed of two ceramic piece parts: the base and the cap. Sandwiched 
between these two layers is a leadframe composed of Alloy 42 imbeded in a sealing glass. the 
leadframe requires a forming operation similar to a plastic dip. The die is mounted in this package 
using a eutectic bond while the wire bonds are aluminum (ultrasonic). A tin plate is applied to 
the exterior leads of the package. 


Some tradeoffs exist in the performance characteristics of the two hermetic packages as they are 
offered by Motorola. Both typically are ceramic, hermetic, employ a eutectic die bond, use ultra- 
sonic aluminum wire bonding, and have tin plating on the exterior leads. The thermal resistance 
of the packages is very similar, with the sidebraze having a slight advantage. Both packages 
perform well on the standard thermal and mechanical environmental tests, but each is susceptible 
to handling damage. Loose shipping rail packaging or high velocity impacts during testing can 
chip the sidebraze package and sever the interlayer metallization. This type of handling will not 
effect the 10 mil thick leadframe of the CERDIP package, but hermeticity failures can occur. The 
CERDIP package is slightly thicker and heavier, but no conductive surfaces are exposed so the 
shorting potential in dense packaging is reduced. Extensive testing of 24, 28, and 40 lead CERDIP 
and sidebraze devices has indicated no significant differences in reliability. 


RELIABILITY TEST 

The following paragraphs describe the various reliability test included in Motorola’s Reliability 
and Quality Assurance Program. 

High Temperature Operating Life Test 

High temperature operating life (HTOL) testing is performed to accelerate failure mechanisms 
which are thermally activated through the application of extreme temperatures and the use of 


dynamic operating conditions. The temperature and voltage conditions used in the stress are 
typically 125°C with the bias level at the maximum data sheet specification limit of 5.5 volts. All 
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devices used in the HTOL test are sampled directly after final electrical test with no prior burn-in 
or other special screening. Testing is performed with dynamic signals applied to the device for 
a minimum test duration of 1008 hours. 


Device equivalent hours assume the Arrhenius relationship using an activation energy of 0.7 eV 
to extrapolate from the device junction temperature at 125°C (ambient) to the junction temperature 
at 70°C (ambient). Failure rates given in Failure in Time (FIT) are derived using the Chi-Square 
distribution to a 90% confidence limit. A FIT is one failure per billion device hours of 0.0001%/ 
1000 hours. 


Tables 2-1 through 2-3 show the results for the high temperature operating life test for packaging; 
plastic, plastic leaded chip carrier (PLCC), and ceramic. Each of these tables also lists the different 
technology used in the test. Table 2-4 lists the grand totals of Table 2-1 through 2-3 by technology 
and packaging. Figure 2-1 shows a trend chart of the high temperature operating life by technology, 
and Figure 2-2 is a trend chart of the total of the high temperature operating life test. 


Table 2-1. High Temperature Operating Life Test 
PLASTIC 


STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 


Device Test 125°C 70°C Equiv. FITS2 

Type Devices Device Hrs. Device Hrs." 0.7 eV 

NMOS DIP 

MC3870 45 45,400 6.49 x 10° 
MC6800 135 136,000 1.42 x 108 

MC6802 378 380,000 5.41 x 106 
MCM6810 45 45,400 4.13 x 10° 
MC6840 . 135 136,000 1.37 x 106 
MC6844 45 45,400 5.00 x 10° 
MC6845_ 45 45,400 4.09 x 10° 
MC6846 45 45,400 4.57 x 10° 
MC6850 136,000 1.63 x 106 
MC6852 45 45,400 7.22 x 10° 
MC6854 45 45,400 3.87 x 10° 
MC68661 136,000 1.32 x 108 
MC68652 45 45,400 3.90 x 10° 
MC68901 45 45,400 8.10 x 10° 
CUSTOM A 951,000 2.11107 
CUSTOM B 530,000 7.54 x 106 
CUSTOM C 1,820,000 3.76 x 107 


TOTAL 4,633,600 8.21 x 107 


CMOS DIP . 
MC146805E2 43,000 1.08 x 108 
MC146805F2 224,000 5.71 x 108 
MC146805G2 74,200 1.88 x 106 
MC146818 45,400 1.17 x 106 
MC146818A 90,800 2.34 x 106 
MC146823 342,000 8.82 x 108 


TOTAL 819,400 2.10 x 107 


1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
1 


> 





1) Activation energy used in equivalent device hour calculation is 0.7 ev) 
2) 90% confidence. 
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Table 2-1. High Temperature Operating Life Test 
PLASTIC (Continued) 


STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 


Device Test 125°C 70°C Equiv. FITS2 
Type Devices Device Hrs. Device Hrs. 1 0.7 eV 





HMOS DIP 

MC2674 45 45,000 6.30 x 10° 0 3619 
MIC2681 90 90,800 1.25 x 10® 0 1824 
MIC6801 135 136,000 1.42 x 108 0 1606 
MC6801U4 412 364,000 5.09 x 106 0 448 
MC6803U4 45 43,400 5.95 x 10° 0 3832 
MC6804J2 167 163,000 3.16 x 106 0 722 
MC6804P2 90 88,800 1.82 x 106 0 1253 
MC6805P2 180 182,000 2.67 x 108 0 854 
MC6805P4 43 41,700 6.13 x 10° 1 6321 
MC6805R2 45 41,200 4.36 x 10° 0 5320 
MC6805R3 180 182,000 1.92 x 108 0 1188 
MC6805S2 45 45,400 7.20 x 10° 0 3167 
MC6805S3 45 43,900 6.99 x 10® 1 5543 
MC6805T2 135 122,000 1.79 x 108 1 2165 
MC6809 90 90,800 1.37 x 108 1 2828 
MC6809E 135 136,000 2.06 x 108 0 1107 
MC68000 504 468,000 7.28 x 108 0 313 
MC68008 45 45,400 5.38 x 10° 0 4238 
MC68010 45 45,400 6.50 x 10° 0 3508 
MC68230 45 45,400 8.90 x 10° 0 2562 
MC68681 43 41,000 6.50 x 10° 0 3508 

TOTAL 2669 2,567,200 3.78 x 107 4 211 









HCMOS DIP 











MC68HC05C4 410 389,000 9.94 x 106 1 
MC68HC05C8 89 89,800 2.29 x 108 0 
XC68HCO000 134 134,000 3.20 x 108 1 

TOTAL 633 612,800 1.55 x 107 2 





PLASTIC DIP 8763 8,633,200 156x108 — | tt | 06 


1) Activation energy used in equivalent device hour calculation is 0.7 ev) 
2) 90% confidence. 
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Table 2-2. High Temperature Operating Life Test 
PLCC 


STRESS VOLTAGE: 5.5 Volts 


TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 


Device Test 125°C 70°C Equiv. FITS2 
Type ~ Devices Device Hrs. Device Hrs.1 0.7 eV 


HMOS PLCC 





















MC6805R2 81,900 8:34 x 105 
MC6805R3 430,000 4.38 x 108 
CUSTOM D 279,000 5.14 x 106 
CUSTOM E 


1,200,000 2.20 x 107 
1,990,900 3.24 x 107 





TOTAL 
HCMOS PLCC 



























MC68HC11 2,160,000 5.66 x 107 
CUSTOM E 417,000 7.56 x 10 
CUSTOM G 1,360,000 2.46 x 107 





TOTAL 3,937,000 8.87 x 107 
















CMOS PLCC 
MC146805F2 45,400 1.17 x 106 
MC146805G2 89,000 2.26 x 108 
MC146818 45,400 1.17 x 106 


MC146818A 88,900 2.26 x 108 
TOTAL 268,700 6.83 x 106 


1) Activation energy used in equivalent device hour caleulation is 0.7 eV. 
2) 90% confidence. 





Table 2-3. High Temperature Operating Life Test 
CERAMIC 


STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 


Device Test 125°C 70°C Equiv. FITS2 
Type Devices Device Hrs. Device Hrs.! 0.7 eV 


NMOS 
MC6821L 44,300 6.02 x 10° 
MC6821S 45,400 6.18 x 10° 
MC6844S 136,000 1.96 x 10® 
MC6850 90,800 1.39 x 108 
MC6850S 45,400 6.95 x 10° 
MC6852S 44,000 7.96 x 10° 


TOTAL 405,900 6.06 x 106 


HCMOS 

MC68020R 541,000 9.59 x 106 

MC68605R . 77,000 1.80 x 108 

MC68824R 136,000 3.00 x 108 

MC68851R 145,000 3.19 x 108 

MC68882R 597,000 1.40 x 107 
VOnAL 230,000 5.30 x 10 


1,726,000 3.69 x 107 





1) Activation energy used in equivalent device hour calculation is 0.7 eV. 
2) 90% confidence. 
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Table 2-3. High Temperature Operating Life Test 
CERAMIC (Continued) 


STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 


Device Test 125°C 70°C Equiv. FITS2 
Type Devices Device Hrs. Device Hrs.! 0.7 eV 


CMOS 
MC1468705F2 34,400 8.57 x 108 
MC1468705F2S 908,000 2.28 x 106 


TOTAL 942,000 3.14 x 106 


HMOS 
MC6803L 45,400 6.40 x 10° 
MC6809EL 45,400 7.07 x 10° 
MC6809ES 45,400 6.25 x 10° 
MC6809S 90,800 1.25 x 106 
MC68701S 45,400 4.74 x 10° 
MC68701U4L 45,400 6.22 x 10° 
XC68704P2S 301,000 6.62 x 106 
MC68705P3 45,400 7.00 x 10° 
MC68705S3 45,400 4.78 x 10° 
MC68000L 171,000 2.53 x 106 
MC68000R 245,000 3.93 x 106 
MC68010L 94,000 1.52 x 106 
MC68010R 45,400 7.30 x 10° 
MC68230L 90,800 1.74 x 106 


TOTAL 1,355,800 2.28 x 107 


1) Activation energy used in equivalent device hour calculation is 0.7 eV. 
2) 90% confidence. 


pooo0ococooo}- oo - ooo 


io) 





Table 2-4. High Temperature Operating Life Test 
TECHNOLOGY and PACKAGING 


STRESS VOLTAGE: 5.5 Volts 
TEMPERATURE: 125°C 
LONGEST STRESS: 1008 Hours 


Device Test 125°C 70°C Equiv. FITS2 
Type Devices Device Hrs. Device Hrs.1 0.7 eV 



















































NMOS 5,031 5,039,500 8.82 x 107 
HMOS 6,029 5,913,900 9.30 x 107 
CMOS 1,238 2,030,100 3.10 x 107 
HCMOS 6,294 6,275,000 1.41 x 108 
DIP ( 8,763 ) ( 8,633,000 ) 1.56 x 108 
PLCC ( 6,206 ) 6,196,600 ) 1.28 x 108 
PLASTIC ([14,969]) ([14,829,800]) 2.84 x 108 
CERAMIC [ 3,623] [| 4,433,700] 6.89 x 108 


1) Activation energy used in equivalent device hour calculation is 0.7 eV. 
2) 90% confidence. 
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Figure 2-1. High Temperature Operating Life Trend Chart 
(By Technology) 
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Figure 2-2. High Temperature Operating Life Trend Chart 
(Total) 


Temperature Humidity Bias Test 


Temperature humidity bias (THB) is an environmental test performed at a temperature of 85°C 
and a relative humidity of 85%. The test is designed to measure the moisture reistance of plastic 
encapsulated circuits. A nominal voltage of 5 volts static bias is applied to the device to create 
the electrolytic cells necessary to accelerate corrosion of the metallization. Testing is performed 
to JEDEC Standard 22, Method A101. Most groups are tested to 1008 hours with some groups 
extended beyond to look for longer term effects. 


Table 2-5 shows the results of the temperature humidity bias test. Table 2-6 lists the grand total 
of the devices tested in Table 2-5. Figure 2-3 shows the trend chart for the temperature humidity 
bias test. 
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Table 2-5. Temperature Humidity Bias Test 


TEMPERATURE: 85°C 
HUMIDITY: 85% 
LONGEST STRESS: 1008 Hours 


: — Failures Per Sample — 
Device Type : 
| 6B Hrs | 504 Hrs | 1008 Hrs 


NMOS DIP 
MC6800 
MC6802 
MC6840 
MC6845 
MC6850 
MC6852 















































HMOS DIP 
MC6801 
MC6802 
MC6803U4 
MC6804J2 
MC6805P2 
MC6805P4 
MC6805P3 

MC6805T2 

MC6809 

MC6809E 

MC68000 

MC68008 

MC68010 











HMOS PLCC 
MC68000 
MC68705R3 





CMOS DIP 
MC146804E2 
MC146805F2 
MC146805G2 

MC146818A 

MC146823 





HCMOS DIP 
MC68HC05C4 











HCMOS PLCC 




















XC68HC11A8 0/231 0/231 0/231 
MC68HC11 0/615 0/615 0/615 
MC68HCO000 0/135 0/135 0/135 
MC68605 0/231 1/231 0/230 






0/1212 1/1212 0/1211 
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Table 2-6. Temperature Humidity Bias Test 
GRAND TOTAL 


TEMPERATURE: 85°C 
HUMIDITY: 85% 
LONGEST STRESS: 1008 Hours 





— Failures Per Sample — 


Device T 
gsi sa 68 Hrs 504 Hrs 1008 Hrs 


0/272 1/272 0/272 


0/1261 2/1254 1/1245 
0/1314 1/1314 0/1313 
0/238 0/238 0/238 

0/1574 3/1567 1/1558 
0/1511 1/1511 0/1510 


GRAND TOTAL 0/3085 4/3078 1/3068 | 0163 
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Figure 2-3. Temperature Humidity Bias Trend Chart 


Autoclave Test 


Autoclave, like THB, is an environmental test which measures device resistance to moisture 
penetration along the leadframe-plastic interface. Conditions employed during the test include 
121°C, 100% relative humidity, and 15 psig. Corrosion of the die is the expected failure mechanism. 
Autoclave is a highly accelerated and destructive test performed per JEDEC Standard 22, Method 
A102. Testing is routinely performed for 144 hours. 


Table 2-7 lists the results of the autoclave test. Table 2-8 lists the grand total of the devices tested 
in Table 2-7. Figure 2-4 shows the trend chart for the autoclave test. 
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Table 2-7. Autoclave Test 


TEMPERATURE: 121°C 
PRESSURE: 15 psig 
LONGEST STRESS: 144 Hours 


Davies Twi . — Failures Per Sample — 
evice 
NMOS DIP . 


MC6800 "0/44 oe 0/44 0/44 
MC6802 0/22 0/22 0/22 
Mc6840 , 0/44 0/44 0/44 
MC6845 | 0/22 0/22 0/22 
MC6846 | 0/22 hy, 0/22 | 0/22 
MC6850 0/65 0/65 0/65 
MC6852 : 0/22 0/22 0/22 
MC6854 0/44 | 0/44 | 0/44 
MC68661 0/22 : 0/22 0/22 
MC68901 0/22 0/22 0/22 
CUSTOM A 0/330 0/327 0/326 
CUSTOM B 0/462 0/462 0/462 
CUSTOM C 0/847 2/846 0/843 


0/1968 2/1964 ; 0/1960 





HCMOS DIP 
MC68HC21 0/22 
MC68HC05C4 0/114 


0/136 


CMOS DIP 
MC146805F2 0/65 0/65 0/65 
MC146805G2 0/44 0/44 0/44 
MC146818 ~ 0/192 0/192 0/192 
MC146818A 0/394 0/394 0/394 
MC146805E2 0/22 0/22 0/22 
MC146805F2 0/43 0/43 0/43 
MC146805G2 0/66 0/66 0/66 
MC146823 0/534 0/534 0/534 
MC1468705F2 . 0/34 0/34 0/34 


0/1394 0/1394 0/1394 


HMOS DIP 

MC2674 0/22 0/22 0/22 
MC6801 0/297 | 0/297 0/297 
MC6801U4 1/777 0/776 1/776 
MC6802 0/22 0/22 0/22 
MC6803U4 0/44 0/44 0/44 
MC6804J2 0/354 0/354 0/354 
MC6804P2 0/66 0/66 0/66 
MC6805P2 0/44 1/44 . 0/43 
MC6805R2 0/34 0/34 0/34 
MC6805R3 0/98 | 0/98 0/98 
MC6805S2 0/44 0/44 0/44 
MC6805S3 0/22 0/22 0/22 
MC6805T2 0/66 0/66 0/66 
MC6809 . 0/44 0/43 0/43 — 
MC6809E 0/44 0/44 "0/44 
MC68000 0/110 0/110 0/110 
MC68008 0/22 0/22 0/22 
MC68010 0/22 0/22 0/22 
MC68230 0/22 0/22 0/22 
MC68661 0/44 0/44 0/44 
MC68681 0/65 0/64 0/64 


1/2263 1/2260 1/2259 





MOTOROLA MICROPROCESSOR DATA 


2-12 


Table 2-7. Autoclave Test (Continued) 


TEMPERATURE: 121°C 
PRESSURE: 15 psig 
LONGEST STRESS: 144 Hours 


: — Failures Per Sample — 
HMOS PLCC 



































MC6805R2 0/170 0/170 0/170 
MC68705R3 0/255 0/255 0/255 
CUSTOM D 0/434 0/433 0/432 


0/691 
0/1548 


0/692 
0/1550 


1/693 
1/1552 


CUSTOM E 




















HCMOS PLCC 




























MC68HC11 1/1150 0/1148 2/1146 
MC68HC11A8 0/320 0/320 0/320 
MC68HC000 0/135 0/135 0/135 
MC68605 0/45 0/45 0/44 
CUSTOM E 1/363 1/361 0/359 


0/770 
2/2775 


0/770 
1/2779 


CUSTOM G 0/770 


2/2783 












CMOS PLCC 
MC146805F2 
MC146805G2 
MC146818 

MC146818A 








Table 2-8. Autoclave Test 
GRAND TOTAL 


TEMPERATURE: 121°C 
PRESSURE: 15 psig 
LONGEST STRESS: 144 Hours 






— Failures Per Sample — 


oi 48 Hs | 6 Hs | Hrs | Falures 






























0/1968 2/1963 0/1959 
2/3815 1/3810 1/3807 
2/2919 1/2915 2/2909 
0/1699 0/1698 0/1698 
1/5761 3/5753 1/5748 
3/4640 1/4633 2/4625 






GRAND TOTAL 4/10401 4/10386 3/10373 | ote 


ET a | 
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Figure 2-4. Autoclave Trend Chart 


Temperature Cycle Test 


Temperature cycle testing accelerates the effects of thermal expansion mismatch among the 
different components within a specific packaging system. During temperature cycle testing, de- 
vices are inserted into a cycling system and held at the cold (—65°C) dwell temperature for at 
least ten minutes. Following this cold dwell, the devices are heated to the hot (+ 105°C) dwell 
where they remain for another ten minute minimum time period. The system employs a circulating 
air environment to assure rapid stabilization at the specified temperature. The dwell at each 
extreme, plus the two transition times of five minutes each (one up to the hot dwell temperature, 
another down to the cold dwell temperature), constitutes one cycle. Test duration is for 1000 
cycles with some tests extended to look for longer term effects. 


Table 2-9 lists the test results of the temperature cycle test testing at a temperature range of a 
— 65°C to 150°C. Table 2-10 lists the grand total of the devices tested in Table 2-9. Table 2-11 lists 
the test results of the temperature cycle test testing at a temperature range of a —50°C to 150°C. 
Table 2-12 lists the grand total of the devices and results of Table 2-11. Figure 2-5 shows the trend 
chart for the temperature cycle test. 
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Table 2-9. Temperature Cycle Test 


TEMPERATURE: —65°C to + 150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 


P — Failures Per Sample — 
Device Type : 


NMOS DIP 
MC3870 0/38 0/38 0/38 0.00 
MC6800 0/114 0/114 0/114 0.00 
MCM6810 0/38 0/37 0/37 0.00 
MC6840 0/114 0/114 0/114 0.00 
MC6844 0/38 0/38 0/38 0.00 
MC6845 0/38 0/38 1/38 2.63 
MC6846 0/38 0/38 0/38 0.00 
MC6850 0/114 0/114 1/114 0.88 
MC6852 0/76 0/76 0/76 0.00 
MC6854 0/38 0/38 0/38 0.00 
MC68661 0/38 0/38 0/38 0.00 
CUSTOM A 0/307 0/307 0/307 0.00 
CUSTOM B 0/115 0/115 0/115 0.00 
CUSTOM C 0/1306 0/1306 3/1306 0.23 


TOTAL 0/2412 0/2411 5/2411 0.21 












NMOS CERAMIC 
MC6821S 
MC6821L 
MC6844S 
MC6850 










HMOS PLCC 







MC6805R2 3/152 
MC6805R3 0/38 
CUSTOM E 1/153 


4/343 



























HMOS DIP 














































MC2674 0/37 0/37 0/37 

MC6801 0/546 1/546 2/542 

MC6801U4 0/668 0/653 0/638 

MC6802 0/38 0/38 0/38 

MC6803U4 0/114 0/114 0/114 

MC6804J2 0/76 0/76 0/76 

MC6804P2 0/114 0/114 0/114 

MC6805P2 0/76 0/76 0/75 

MC6805P4 0/38 0/38 0/38 

MC6805P6 1/432 2/429 0/427 

MC6805S2 1/38 0/37 0/37 

MC6805R2 0/38 0/38 0/38 

MC6805R3 0/152 0/152 3/152 1,97 
MC6805S2 0/38 0/38 0/38 0.00 
MC6805S3 0/37 0/37 0/37 0.00 
MC6805T2 0/114 0/114 0/114 0.00 
MC6809E 1/114 0/113 0/113 

MC6809 0/76 0/76 0/76 








TOTAL 3/2746 3/2726 





5/2704 0.40 
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Table 2-9. Temperature Cycle Test (Continued) 


TEMPERATURE: —65°C to +150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 


Device T — Failures Per Sample — . 


HMOS CERAMIC 
MC6801L 
MC6809EL 
MC6809ES 
MC6809S 
MC68120L 
MC68701 
MC68701U4L 
MC68705P3 
MC68705S3S 
MC68000L 
MC68000R 
MC68010R 
MC68230L 
MC68451L 
MC68901L 





HCMOS PLCC 
MC68HC11 1/538 0/537 2/535 
MC68881 . 0/78 0/78 0/78 
XC68882 1/135 0/134 0/134 
CUSTOM E | 0/253 4/252 5/246 
CUSTOM G 0/1153 1/1153 2/1150 


2/2157 5/2154 9/2143 


HCMOS DIP 
MC68HC05C4 
MC68HCO5C8 
MC68HC21 


HCMOS CERAMIC 
MC68020R 
MC68605R 
MC68824R 
MC68851R ~ 
MC68881R 
MC68704P2 


CMOS PLCC 
MC146805F2 
MC146805G2 
MC146818 
MC146818A 


CMOS DIP 
MC146805E2 
MC146805F2 
MC146805G2 
MC146818 
MC146818A 
MC146823 
MC1468705F2 
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Table 2-10. Temperature Cycle Test 
GRAND TOTAL 


TEMPERATURE: —65°C to + 150°C 


STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 


: — Failures Per Sample — 
Device Type ; 








NMOS 0/2716 0/2715 6/2715 0.18 2 
HMOS 3/3808 7/3786 15/3759 0.67 
CMOS 0/912 0/911 0/910 0.00 
HCMOS 2/3652 5/3649 10/3637 0.47 
PLCC 2/2804 9/2801 13/2785 0.86 
DIP 3/6436 3/6414 10/6392 0.25 
PLASTIC 5/9240 12/9215 23/9177 0.44 
CERMAIC 0/1848 0/1846 7/1844 0.38 


GRAND TOTAL 5/11088 12/11061 30/11021 | 04s 


Table 2-11. Temperature Cycle Test 


TEMPERATURE: —50°C to + 150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 


: — Failures Per Sample — 
Device Type : 


NMOS DIP 
MC68661 
MC68901 


HMOS DIP 
MC6801 
MC6801U4 
MC68000 
MC68008 
MC68230 
MC68681 


HMOS PLCC 
MC68HC11 0/384 0/384 0/384 
MC68705R3 0/107 0/107 0/107 
CUSTOM G 0/737 1/737 0/736 
CUSTOM E 0/154 0/154 0/154 


0/1382 1/1382 0/1381 


HMOS PLCC 
MC68HC11A8 
MC68881 
CUSTOM E 
CUSTOM G 
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Table 2-12. Temperature Cycle Test 
GRAND TOTAL 


TEMPERATURE: —50°C to +150°C 
STRESS METHOD: Air to Air 
LONGEST STRESS: 1000 Cycles 


— Failures Per Sample — 





GRAND TOTAL 3/2806 3/2801 3/2789 a 


1¢ 
0.9 - om 
0.8 : : < 
oe ee 
FAILURE 0.5 - 
RATE 04 , ° 
0.3 
0.2 
0.1 
0 , , 
YR 1985 ; . YR 1986 ; ~ YR 1987 
YEAR 


Figure 2-5. Temperature Cycle Trend Chart 


Thermal Shock Test 


The objective of thermal shock testing is the same as that for temperature cycle testing — to 
emphasize differences in expansion coefficients for components of the packaging system. How- 
ever, thermal shock provides additional stress in that the device is exposed to a sudden change 
in temperature due to the transfer time of ten seconds maximum as well as the increased thermal 
conductivity of a liquid ambient. Devices are placed in a flourocarbon bath and cooled to — 65°C. 
After being held in the cold chamber for five minutes minimum, the devices are transferred to 
an adjacent chamber filled with flourocarbon at + 150°C for an equivalent time. Two five minute 
dwells plus two ten second transitions constitute one cycle. Test duration is normally for 1000 
cycles with some tests being extended to look for longer term effects. 


Table 2-13 lists the results of the thermal shock test and Table 2-14 lists the grand total of Table 
2-13. Figure 2-6 shows the trend chart for the thermal chart for the thermal shock test. 
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Table 2-13. Thermal Shock Test 


TEMPERATURE: —65°C to + 150°C 
STRESS METHOD: Liquid to Liquid 
LONGEST STRESS: 1000 Cycles 





















— Failures Per Sample — 






Device Type % Failures 





NMOS DIP 





































































MC2674 0.00 

MC3870 1.48 

MC6800 0.00 

MC6802 6/34 0/34 0/34 0.00 

MCM6810 0/34 0/34 0/34 0.00 

MC6846 0/34 0/34 0/29 0.00 

MC6850 0/68 0/68 0/67 0.00 

MC68488 0/34 0/34 0/34 0.00 

MC68661 0/68 0/68 1/68 1.47 
TOTAL 0/475 2/474 1/467 0.64 

HMOS DIP 

MC6801 0/432 0/431 0/431 

MC6803U4 0/68 0/68 0/68 

MC6804J2 0/343 0/343 0/343 

MC6804P2 0/34 0/34 0/34 

MC6805P2 0/68 0/68 0/68 

MC6805P4 0/34 0/34 0/34 

MC6805P6 0/432 4/432 0/428 

MC6805R3 0/34 0/34 0/34 

MC6805S82 0/68 0/68 0/68 

MC6805S3 0/34 0/34 2/32 

MC6805T2 0/34 0/34 0/34 

MC68661 0/34 0/34 0/33 

MC68681 0/102 0/102 0/95 

MC68901 0/33 0/34 0/33 


























TOTAL 0/1750 4/1750 2/1735 








HMOS CERAMIC 
MC6801L 
MC6850 
MC68000L 
MC68010R 
MC68451L 








HCMOS DIP 
XC68HC01 
MC68HC05C8 








HMOS PLCC 
MC68HC11 


HCMOS CERAMIC 
MC68020R 
MC68881R 





CMOS DIP 
MC146805G2 
MC146805F2 
MC146818 

MC146823 
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Table 2-14. Thermal Shock Test 
GRAND TOTAL 


TEMPERATURE: —65°C to +150°C 
STRESS METHOD: Liquid to Liquid 
LONGEST STRESS: 1000 Cycles 


— Failures Per Sample — 


NMOS 
HMOS 
CMOS 
HCMOS 
PLCC 

DIP 
PLASTIC 
CERAMIC 


GRAND TOTAL 0/3970 8/3964 4/3924 1 





0.5 
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Figure 2-6. Thermal Shock Trend Chart 


Data Retention Test 


Data retention testing or high temperature storage is performed to measure the stability of the 
programmed EPROM and EEPROM devices during storage at elevated temperatures with no 
electrical stress applied. The devices are stored at an ambient of 150°C. An acceleration of charge 
loss from the storage cell is the expected result. All groups are typically tested to 1008 hours. 


Table 2-15 lists the results and the grand total of the data retention test. Figure 2-7 shows the 
trend chart for the data retention bake test. 
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Table 2-15. Data Retention Test 


TEMPERATURE: 150°C 
LONGEST STRESS: 1008 Hours 


: — Failures Per Sample — 
Device Type : 
| 168 Hrs. | 504 Hrs. | 1008 Hrs. 


HMOS CERAMIC 


MC1468705F2 0/78 0/78 
MC68701U4 0/44 0/44 
MC68705R3 0/45 0/45 
MC68704P2 0/442 0/442 
MC68701 0/45 045 
TOTAL "0/654 "0/654 





HMOS DIP 
MC68000 0/100 0/100 0/100 
HMOS PLCC 
MC68705R3 1/2044 0/2043 1/2043 0.10 


HCMOS PLCC 


XC68HC11A8* 1/385 0/381 0/377 
MC68HC11A8* 2/1668 2/1667 2/1665 _ 


TOTAL 3/2053 2/2048 2/2042 


HMOS 1/2798 0/2797 1/2797 0.07 
HCMOS 3/2053 2/2048 2/2042 
GRAND TOTAL 4/4851 2/4845 3/4839 = 


*These EEPROM units were prestressed through 10K write/erase cycles. 
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Figure 2-7. Data Retention Bake Trend Chart 


EEPROM Write/Erase Cycling Test 


The write/erase endurance test measures EEPROM cell operation over an expected life time. All 
cells are alternately cycled for 10,000 cycles between an erased state “1"’ and a write state “0” 
at the device high temperature specification of 85°C. The most common failure mode is failure 
to write a “0” within the 10 msec specification limit. 


a i 
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Table 2-16 lists the results and grand total of the EEPROM write/erase cycling test. Table 2-17 lists 
the average outgoing quality from year 1979 through 1987. 


Table 2-16. EEPROM Write/Erase Cycling Test 
VOLTAGE: 5.5 Volts 


TEMPERATURE: 85°C 
LONGEST STRESS: 10K Cycles 


- — Failures Per Sample — 
Device Type 
1oK eye | Failure | 











































































HCMOS PLCC 

XC68HC11A8 1/288 1/287 3/286 0/283 1/283 
(Mask: 1B96D) 

XC68HC11A8 3/642 2/633 2/629 2/627 0/625 
(Mask: 2B96D) 

MC68HC11A8 1/314 1/313 0/312 0/312 0/312 
(Mask: 2B96D) 

MC68HC11A8 3/1289 0/1286 0/1286 1/1286 1/1285 


(Mask: 7B96D) 


TOTAL 8/2533 4/2519 5/2513 3/2508 2/2505 


Write/Erase Cycling Failure Rate Calculation 


; Test 85°C 70°C Equiv. % 1K cyc 


HCMOS PLCC 
MC68HC11A8 1244 12,440,000 2.58 x 107 17 0.090 
(Mask: 1 & 2B96D) 
MC68HC11A8 1289 12,900,000 2.67 x 107 5. 0.035 
(Mask: 7B96D (Current Mask)) . 

‘ean roral——SS*dSCStCiRS*d:C Seo | Sze? |e 


1) Activation energy used in equivalent device cycle calculation is 0.53 eV. 
2) 90% confidence. 
















Table 2-17. Average Outgoing Quality 


Electrical Visual/Mech. 
Time Frame AOO (PPM) AOOQ (PPM) 
Actual Actual 


Year 1979 (~)4000 (~)4500 
Year 1980 (~)2000 (~)2500 
Year 1981 1725 1920 


Year 1982 717 1103 
Year 1983 383 380 
Year 1984 419 403 
Year 1985 272 137 
Year 1986 291 509 
Year 1987 232 190 
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RESULTS AND CONCLUSION 


The 1987 Microprocessor Reliability results indicate that the major product lines have excellent 
overall reliability performance. The reliability performance of our products is evaluated through 
extensive stress/testing which includes life test, temperature cycle, thermal shock, THB, autoclave, 
and data retention bake. This year’s results indicate there are many areas where significant gains 
were made in reliability performance as compared to the 1986 results. 


The overall High Temperature Operating Life test result for the year was excellent with a failure 
rate of 117 FITs compared to the 1986 yearly total of 264 FITs (based on 0.7 eV). Failure rate 
improvements were seen in all of the key process technologies during the year. The life test failure 
rate for NMOS was 91 FITs which is a 55% improvement compared to the previous yearly results. 
The HMOS failure rate improved to a 127 FIT level as compared to the 467 FIT level this technology 
achieved in 1986. The HCMOS failure rate was 224 FITs which is a 16% improvement in the 1986 
figure. The 5 micron CMOS technology achieved a failure rate of 125 FITs which is excellent and 
a significant improvement over 1986. 





The environmental results for 1987 indicate that our products lines are capable of meeting rigid 
environmental extremes with very low failure rates. The actual stress results for the various 
thermal cycling and moisture tests are detailed below. 


The temperature cycle results for 1987 improved to an overall 0.43% cumulative failure rate 
through 1000 cycles. This is a 51% gain over the 1986 figures. Thermal shock results for this 
period also improved substantially to a 0.30% level. These figures are excellent. 


Both temperature humidity bias and autoclave produced improved failure rate performance during 
1987. Temperature humidity bias achieved a 0.16% cumulative failure rate through 1008 hours. 
The autoclave test for this time frame resulted in a 0.11% figure which is a 56% improvement 
over 1986. | 


Data retention bake, which is used to evaluate the ability of the MCU EPROM and EEPROM devices 
to store charge over an extended period of time, has a cumulative percent fallout of 0.19%. This 
figure has improved 42% during 1987 as compared to the previous years results. 


Write/erase cycling, which was begun this year to measure the MCU EEPROM arrays operational 
endurance over an expected life time, resulted in an overall failure rate of 0.056%/1K cycles at 
70°C. The most recent material evaluated in the 4th quarter of 1987 achieved a 0.035%/1K cycles 
failure rate. 


Average Outgoing Quality levels for both electrical and visual/mechanical performance improved 
for 1987. The yearly figures are 232 ppm for electrical and 190 ppm for visual/mechanical. 


In summary, the Motorola Microprocessor Product Group’s products are achieving very high 
levels of reliability and quality performance. Improvements in many key areas have been made 
during the course of the year, and as a group our goal will be to continually upgrade the Reliability 
and Quality of our products. 


For more information, contact Microprocessor Reliability Engineering at 512/440-2530 or write to: 


Microprocessor Reliability Engineering 
Motorola Inc. 

6501 William Cannon Drive West 
Austin, Texas 78735-8598 
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FAILURE RATE CALCULATIONS 


Environmental tests are designed to measure device resistance to unusual and severe stress not 
expected under normal operating conditions. Device performance under these conditions is ex- 
pressed as a percent of devices defective and compared to previous results. Life tests, on the 
other hand, accelerate the use conditions of the device with temperature and voltage in a manner 
which is more quantitatively correlatable to system operation. Life test failure rates are expressed 
as failures per unit time and are calculated using established principles or probability and statistics. 


The principles of reliability engineering have indicated that failure rates for semiconductor devices 
will take the form of the’’bathtub” curve (Figure 2-8). 


CLASSICAL FAILURE RATE CURVE 


f 


FAILURE 
RATE 


REGION 3 





\N 


TIME 


Figure 2-8. Device Failure Rate as a Function of Time 


The following three regions are represented in the curve: 
1. Infant Mortality — a region of high bur rapidly declining failure rates, usually associated with 
manufacturing defects. , 


2. Random Failures — a region of low, random failures caused by more subtle defects. This 
area of the curve represents the useful part of device life. 


3. Wearout — a region of rapidly rising failure rates related to device wearout. Most semicon- 
ductors will not reach this stage before they are replaced because of changes in technology. 


Techniques for calculating life test failure rates assume that the devices being tested have passed 
infant mortality and entered the stable random failure portion of the life curve. Failures which 
occur in this area are few and are known to approximate specific probability distributions. These 
probability distributions are used to calculate sample failure rates which can be projected to the © 
population in general through the application of confidence limits. Techniques used to calculate 
life test failure rates for micorprocessors are discussed below. is 


A failure rate for any sample of life tested devices can be determined by dividing the number of 
failures by the number of device hours. However, this rate will apply to that sample only. Ff you 
are interested in projecting from the sample to the population in general, you must establish 
confidence limits. The application of confidence limits is a statement of how ‘‘confident” you are 
that the sample failure rate approximates that for the population in general. To obtain rates with 
different confidence levels, it is necessary to make use of specitic probability distributions which 
take the same form as the actual failure distribution. 


MOTOROLA MICROPROCESSOR DATA 
2-24 





It has been determined that failures in semiconductors that have entered the middle portion of 
the bathtub curve will approximate a Poisson distribution; this distribution applies when one has 
a large sample with an extremely small number of events of interest, such as device failures. 
Given a Poisson failure process, a Chi-Square distribution can be used to establish confidence 
limits for failure rates. R&OQA Engineering has determined that the following general formula, 
which utilizes values from a Chi-Square table, can be used to calculate failure rates for semicon- 





ductors: 
, df 
2t 
where: 
r = Failure Rate 


x2 =Chi-Square Function 
_ 100 — Confidence Level 


100 

d.f. =Degrees of Freedom =2r+2 
r = Number of Rejects 

t = Device Hours 


To calculate the failure rate, first determine the level of confidence you require and calculate 
degrees of freedom. Select the Chi-Square value for a Chi-Square distribution table with the 
appropriate degrees of freedom and confidence level. Divide that value by twice the actual device 
hours, at the temperature of interest. 


The above formula applies for calculating a device failure rate, provided that the test is conducted 
at system temperature. However, since we are unable to observe long-term effects which develop 
over time, the test is accelerated through the application of a high temperature. In oder to calculate 
a failure rate at the ambient temperature of a system, a factor must be supplied to compensate 
for the acceleration. The factor (Fa) which equates test temperature with rated temperature is 
derived from the Arrhenius relationship: 


Fa=exp( (d/k)* (1 —1))_ 


2 
Tr Tt i 
where: 

Fa =Acceleration Factor 

6 =Activation Energy, eV 

k | =Boltzman’s Constant, 8.6210 °eV/K 


Tr =Junction Temperature, K at the Rated 
Ambient of 70°C 

Tt =Junction Temperature, K at the Life Test 
Ambient of 125°C 


Motorola uses 70°C for the system temperature (To) to more closely approximate the actual 
temperature of the device during system operation and to supply a degree of conservatism to 
the failure rate calculation. 


Motorola uses an activation energy value of 0.7 electron volt. A 0.7 eV was selected as an average 
value because a variety of different failure mechanisms exist for microprocessor and other VLSI 
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devices, with activation energies ranging from 0.40 eV for oxide related failures to 1.0 eV or greater 
for contamination and metal related failures. Tr and Tt of the equation are the average junction 
temperatures present at the rated and test ambients. Motorola uses junction, rather than ambient 
temperature, because they produce acceleration factors that are more conservative and repre- 
sentative of actual conditions. These temperatures are calculated as follows: 


TJ=TA+PD*9JA | (3) 


where: 
TJ = Junction Temperature, °C 
TA = Ambient Temperature, °C 
PD = Average Power Dissipation, Watts 
8JA = Thermal Resistance — Junction to Ambient, 
°C Per Watt 


Once this step has been completed, the acceleration factor can be calculated and applied as a 
multiplier to the number of device test hours under accelerated test conditions to determine the 
equivalent number of hours at rated operating conditions. To determine the failure rate at the 
operating temperature use equation (1) substituting the equivalent device hours at rated tem- 
perature for t in the equation. 


Equation (1) provides a failure rate expressed in percent per thousand hours. This number, stated 
as a percentage per each thousand hours of operation, is one way Motorola R&OQA Engineering 
expresses failure rates for Microprocessors. One other way of expressing failure rates is Failures 
In Time (FITs) which refers to failed units per 109 device hours (1 FIT=\ x 104). 


Mean Time To Failure (MTTF) is another parameter frequently used to express failure rates. MTTF 


is the average time to a failure of a nonrepairable item such as a semiconductor and is epieeees 
as the reciprocal of the failure rate: 


1 
MTTF = cs (4) 
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This chapter (found in both Volume | and Volume II) contains the data sheets 
for the Microprocessors, Microcontrollers, and Peripheral devices. For information 
on packaging, refer to Chapter 4. Ordering forms are located in Chapter 6. 
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TECHNICAL DATA 
NIC2672 


Advance Information 


Programmable Video Timing Controller 
(PVTC) 


The MC2672 programmable video timing controller (PVTC) is a programmable device designed 
for use in CRT terminals and displays systems that employ raster scan techniques. The PVTC gener- 
ates the vertical and horizontal timing signals necessary for the display of interlaced or non-inter- 
laced data on a CRT monitor. It provides consecutive addressing to a user specified display buffer 
memory domain and controls the CPU-display buffer interface for various buffer configuration 
modes. A variety of operating modes, display formats, and timing profiles can be implemented by 
programming the control registers in the PVTC. Applications include CRT terminals, word-process- 
ing systems, small business computers, and home computers. 

@ 4 MHz Character Rate 
@ Up to 256 Characters Per Row 
1 to 16 Raster Lines Per Character Row 
Up to 128 Character Rows Per Frame 
Programmable Horizontal and Vertical Sync Generators 
Interlaced or Non-Interlaced Operation 
Up to 16K RAM Addressing for Multiple Page Operation 
Automatic Wraparound of RAM 
Addressable, Incrementable, and Readable Cursor 
Programmable Cursor Size, Position, and Blink 
Split Screen and Horizontal Scroll Capability 
Light Pen Register 
Selectable Buffer Interfce Modes 
Dynamic RAM Refresh 
Completely TTL Compatible 
Single +5-Volt Power Supply 
Power-On Reset Circuit 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 


CE Interface Control 







Initialization 
‘and Display 
Registers 


Read/Write 
Control Logic 


=| 



















Command 
Decode 
Logic 







= Interrupt 


Logic and 
Status 
Register 


Address 
Decoder 





Data Bus 
Drivers 





Timing Chain 
and 
Decode Logic 


Clock 
Buffer 


ABSOLUTE MAXIMUM RATINGS 


Symbol 

|[ Supply Vortage 
input Voltage Vin 
Operating Temperature Range TA 
Storage Temperature Range 





THERMAL CHARACTERISTICS 
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-CTRL1 
Display 
Memory CTRL2 
Handshake 
uogic CTRL3 
Display 
DADDO- 
addres DADD13 
Timing 
14 





Cursor, 
Pointer, and 
Light Pen 
Registers 


Light Pen Strobe 


Cursor and 


Compare CURSOR 
Logic 

HSYNC 

VSYNC/CSYNC 

BLANK 


This device contains circuitry to pro- 
tect the inputs against damage due to 
high static voltages or electric fields; 
however, it is advised that normal pre- 
cautions be taken to avoid application 
of any voltage higher than maximum- 
rated voltages to this high-impedance 
circuit. For proper operation it is rec- 
ommended that Vin and Vout be con- 
strained to the range GND<(Vjp or 
Vout)<Vcc. Reliability of operation is 
enhanced if unused inputs are tied to 
an appropriate logic voltage level (e.g., 
either GND or Vcc). 


MC2672 


POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can be obtained from: 
TJ=TA+(PD * 8A) (1) 
where: | | 

TA = Ambient Temperature, °C 
BJA = Package Thermal Resistance, 

Junction-to-Ambient, °C/W 
PD = PINT+ PPORT 
PINT =Icc x Vcc, Watts — Chip Internal Power 


PPORT = Port Power Dissipation, Watts — User Determined 


For most applications PPORT<PiNT and can be neglected. PpoRT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if PPORT is neglected) is: 
Pp=K=(Ty+273°C) (2) 
Solving equations (1) and (2) for K gives: 

K=Pp(T a + 273°C) + 8yarPp2 (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at 
equilibrium) for a known Ta. Using this value of K, the values of Pp and Ty can be obtained by solving equations 
(1) and (2) iteratively for any value of Ta 


DC ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vcc =5.0 V +5%) 


INTR Open-Drain Output Leakage Current VoH=2.4 Vcc 
Internal Power Dissipation 





NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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AC ELECTRICAL idusiaabed Aled sk _ BUS TIMING (Ta =0° to 70°C, Vcc=5.0 V +5%, See Note 0 


MC2672B3 MC2672B4 
Parameter | Min | Unit_ 
nO. A2 Setup Time toW, RLow - ne 


A0-A2 Hold Time from W, R High _ : a a Os | 


CE Setup Time to W, R Low 


| Max _| 
Levees 
a 
CE Hold Time from W, R High : : | ro | =. | 
begeeees 
| 200 | 


| 30 | 
| 260 

Data Valid after R Low . aa a | = | 
[Data Bus Floating after High SSSCS~S*~“~*~s Ste =| CYC |S CdS CS 
Data Setup Time to W High © : | iso | - | 
| ae coe 


High Time from CE to CE (see Note2) Consecutive Commands 
Other Commands 





NOTES: 
1. Timing is illustrated and specified referenced to W and R inputs. Device may also be operated with CE as the ‘‘strobing” 
input. In this ase, all timing specifications apply referenced to falling and rising edges of CE. 7 
2. This specification requires that the CE input be negated (high) between read and/or write cycles. 
3. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 


BUS TIMING DIAGRAM 





A0-A2 





tcs | tCH ie 


tTRW 


tDF- 


DO-D7 (Read) Float » Not Valid Float 


S| 


DO-D7 (Write) 
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AC ELECTRICAL CHARACTERISTICS — CHARACTER CLOCK TIMING (Ta =0°C to 70°C, Vcc =5.0 V +5%, See Note 1) 














DADDO-DADD13, BCE, WDB, RDB, MBC 
BLANK, HSYNC, VSYNC/CSYNC, CURSOR, BEXT, BREQ, BACK | 


tccD 
175 40 150 
225 40 200 
NOTES: 
1. BCE, WDB, and RDB delays track each other within 10 nanoseconds. Also, these output delays will tend to follow the direction 


(minimum/maximum) of DADDO-DADD13 delays. 
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 


outputs. Input levels are 0.4 V to 2.4 V. 









eS ea ee 

| tccp | 370 [| - | 20 | - [ons | 

ICCLKHighTime ee —Ctsi‘“;C™S™*™*sés tcc | HTT t0 | ts 

CCLK LowTime tec 25 = t0c0 ns 

Output Delay Time from CCLK Edge pe 
0 ns 


CHARACTER CLOCK TIMING DIAGRAM 


tccp 
tCCH 
CCLK 
tect 
tCCD 
Outputs ( 
(See Note 1) 
tccD 
Outputs 
DB, RDB, BCE 


NOTES: pena en 
1. DADDO-DADD13, BLANK, HSYNC, CSYNC/VSYNC, CURSOR, BEXT, BREQ, BCE, MBC, BACK. 


2. BCE changes state on both CCLK edges. 
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Light Pen Strobe Hold Time from CCLK Low _ 
INTR Low from CCLK Low 


———— 


INTR High:from W, R High 
NOTES: — = ; =f 
1. Timing is illustrated and specified referenced to W and R inputs. Device may also be operated with CE as the ‘‘strobing” 
input. In this case, all timing specifications apply referened to falling and rising edges of CE.. 
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 





OTHER TIMING DIAGRAMS 


CCLK 





Vertical Blanking 


BLANK 


Interval 
First HSYNC 
HSYNC a of VBLANK 
VBLANK 
Status Bit 
tIRL 


+ 
p90] 


rs 


CCLK 
tcp 
BLANK gras Rnd 
tccp | “CED 


DADD3- Multiplexed Address of First 
DADD13 Signals Valid Character of Row 


Line Zero and 
Split Screen 
Status Bit 
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OTHER TIMING DIAGRAMS (Continued) 


Light Pen 
Status Bit 





DADDO- Character Character Address in Light Character 
DADD13 Address n Address n+ 1 Pen Register Address n+3 


W fora 

Delayed 

Command 
tRDL 


Ready or 
RDFLG Status 
Bits 





W or R Which 
Resets 
Interrupt 
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oo SYNC TIMING DIAGRAM 
Even Field” First Displayed Scan 


Last Displayed Scan | . 
Vertical SYNC of Even Field 
—_ Front P woe "ole =o 
of eres cae, Vertical Front Porc Pulse WERICAN BSCR Oren if Horizontal Sync 


Pulses 
CSYNC 










BLANK | Vertical Blanking Interval 






Odd Field 
Last Displayed Scan First Displayed Scan 

ef Eveo\rieid~.* pe vette Front Porch — % be ge he Vertical ee Porch ~ %H of Odd Field 
( YH fae 
CSYNC 
% Horizontal SYNC—>| xe | &—>+— H Period 
BLANK —Vertical Blanking Interval 

Woe Horizontal Blanking Interval 

NOTES: 


1. In non-interlaced operation the even field is repeated continuously, and the odd field is not. 
2. Interlaced operation the even field alternates with the odd field. 
‘3. All voltage measurements are referenced to ground. All time measurements are at ate 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 





SIGNAL DESCRIPTION WRITE STROBE (W) 
, This pin is an active low input. A low on this pin while chip 
_ The input and output signals for the PVTC are described in enable is also low causes the contents of the data bus to be 
‘the following paragraphs. transferred to the register selected by AO-A2. The transfer 
occurs on the rising edge of W. 
Vcc AND GND 
Power is supplied to the PVTC using these two pins. VCC CHIP ENABLE (CE) 

ple 2 volts +5% power input and GND is the ground This pin is an active low input. When low, data transfers 
CONneCUO”. between the CPU and the PVTC are enabled on DO-D7 as 


| controlled by the W, R, and A0-A2 inputs. When CE is high, 
ADDRESS LINES (A0-A2) the PVTC is effectively isolated from the data bus and DO 
These lines are used to select PVTC internal registers for through D7 are placed in the high-impedance state. 


read/write operations and for commands. 


CHARACTER CLOCK (CCLK) 


This pin is the timing signal derived from the video ae 
clock which is used to synchronize the PVTC’s timing func- 
tions. 


DATA BUS (D0-D7) 


These lines comprise the 8-bit bidirectional three-state 
data bus. Bit 0 is the least significant bit and bit 7 is the most 
significant bit. All data, command, and status transfers bet- 
ween the CPU and the PVTC take place over this bus. The 


direction of the transfer is controlled by the read and write in- HORIZONTAL SYNC (HSYNC) 


puts when the chip enable input is low. When the chip This pin is an active high output which provides video 
enable input is high the data bus is in the high impedance horizontal sync pulses. The Lining parameters are program- 
state. mable. 
READ STROBE (R) VERTICAL SYNC/COMPOSITE SYNC (VSYNC/CSYNC) 
This pin is an active low input. A low on this pin while chip A control bit selects either vertical or composite sync 
enable is low causes the contents of the register selected by pulses on this active high output. When CSYNC is selected, 
AO-A2 to be placed on the data bus. The read cycle begins equalization pulses are included. The timing parameters are 
on the falling edge of R. programmable. 
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BLANK (BLANK) 

This active high output defines the horizontal and vertical 
borders of the display. Display control signals which are out- 
put on DADD3 through DADD13 are valid on the trailing 
edge of BLANK. 


CURSOR GATE (CURSOR) | 

This active high output becomes active for a specified 
number of scan lines when the address contained in the cur- 
sor registers matches the address output on the display ad- 
dress (DADDO through DADD13). The first and last lines of 
the cursor and a blink option are programmable. 


INTERRUPT REQUEST (INTR) 

This pin is an open-drain output which supplies an active 
low interrupt request from any of five maskable sources. 
This pin is inactive after power-on reset or a master reset 
command. 


LIGHT PEN STROBE (LPS) 

This positive edge triggered input indicates a light pen ‘hit’ 
causing the current value of the display address to be 
strobed into the light pen register. 


HANDSHAKE CONTROL 1 (CTRL1) 

In independent mode, this pin provides an active low write 
data buffer (WDB) output which strobes data from the inter- 
face latch into the display memory. In transparent and 
shared modes, this is an active low processor bus request 
(PBREQ) input which indicates that the CPU desires to ac- 
cess the display memory. This pin must be tied high when 
operating in row-buffer mode. 


HANDSHAKE CONTROL 2 (CTRL2) 

In independent mode, this pin provides an active low read 
data buffer (RDB) output which strobes data from the 
display memory into the interface latch. In transparent and 
shared modes, CTRL2 is an active low bus external enable 
(BEXT) output which indicates that the PVTC has relin- 
quished control of the display memory (DADDO-DADD13 are 
in the high-impedance state) in response to a CPU bus re- 
quest. BEXT also goes low in response to a ‘display off and 
float DADD”’ command. In row-buffer mode, CTRL2 is an 
active low bus request (BREQ) output which halts the CPU 
during a line DMA. 


HANDSHAKE CONTROL 3 (CTRL3) 

In independent mode, this pin provides the active low buf- 
fer chip enable (BCE) signal to the display memory. In 
transparent and shared modes, CTRL3 provides an active 
low bus acknowledge (BACK) output which serves as a 
ready signal to the CPU in response to a processor bus re- 
quest. In row buffer mode, CTRL3 is an active high memory 
bus control (MBC) output which configures the system for 
~ the DMA transfer of one row of character codes from system 
memory to the row display buffer. 





DISPLAY ADDRESS (DADDO-DADD13) 

The display address is used by the PVTC to address up to 
16K of display memory. These outputs are floated at various 
times depending on the buffer mode. Various control signals 
are multiplexed on DADD3 through DADD13 and are valid at 
the trailing edge of BLANK. The following paragraphs 
describe these control signals. 


LINE INTERLACE (DADD3/LI) — Replaces DADD4/LAO 
as the least significant line address for interlaced sync and 
video applications. A low indicates an even row of an even 
field or an odd row of an odd field. 


LINE ADDRESS (DADD4-DADD7/LAO0-LA3) — Provides 
the number of the current scan line within each character 
row. 


LINE ZERO (DADD8/LNZ) — Asserted before the first 
scan line in each character row. 


LIGHT PEN LINE (DADD9/LPL) — Asserted before the 
scan line which matches the programmed light pen line posi- 
tion (line three, five, seven, or nine). 


UNDERLINE (DADD10/UL) — Asserted before the scan 
line which matches the programmed underline position (line 
O through 15). 


BLINK FREQUENCY (DADD11/BLINK) — Provides an 
output divided down from the vertical sync rate. 


ODD FIELD (DADD12/ODD) — Active high signal which 
is asserted before each scan line of the odd field when inter- 
lace is specified. 


LAST LINE (DADD13/LL) — Asserted before the last scan 
line of character row. 


FUNCTIONAL DESCRIPTION 


The following paragraphs describe the major blocks (data- 
bus buffer, interface logic, operation control, timing, display 
control, and buffer control) which comprise the PVTC. 


DATA-BUS BUFFER 

The data-bus buffer provides the interface between the ex- 
ternal and internal data buses. !t is controlled by the opera- 
tion control block to allow read and write operations to take 
place between the controlling CPU and the PVTC. 


INTERFACE LOGIC 

The interface logic contains address decoding and read 
and write circuits to permit communications with the micro- 
processor via the data-bus buffer. The functions performed 
by the CPU read and write operations are as shown in 
Table 1. 
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TABLE 1 — PVTC ADDRESSING 
















Interrupt Register 
| Status Register 


Screen Start Address Lower Register 
Screen Start Address Upper Register 
Cursor Address Lower Register 
Cursor Address Upper Register 
Light Pen Address Lower Register 
Light Pen Address Upper Register 


| Write (W=0) 
Initialization Registers*. 
Command Register 
Screen Start Address Lower Register 
Screen Start Address Upper Register 
Cursor Address Lower Register 

Cursor Address Upper Register — 
Display Pointer Address Lower Register 
Display Pointer Address Upper Register 





















*There are 11 initialization registers which are accessed sequentially via a simple address. The PVTC 
maintains an internal pointer to these registers which is incremented after each write at this address 
until the last register (IR10, the split-screen register) is accessed. The pointer then continues to point 
to the split-screen register. Upon power-up or a master reset command, the internal pointer is reset to 
point to the first register: (RO) of the initialization register group. The internal pointer can also be preset 
to any register of the group via the ‘‘load IR address pointer’’ command. 


OPERATION CONTROL 


The operation contro! section decodes configuration and 
operation commands from the CPU and generates appro- 
priate signals to other internal sections to control the overall 
device operation. It contains the timing and display registers 
which configure the display format and operating modes, 
the interrupt logic, and the status register which provides 
operational feedback to the CPU. 


TIMING 


The timing section contains the cursors and decoding 
logic necessary to generate and monitor timing outputs and 
to control the display format. These timing parameters are 
selected by programming of the initialization registers. 


DISPLAY CONTROL 


The display control section generates linear addressing of 
up to 16K bytes of display memory. Internal comparators 
limit the portion of the memory which is displayed to pro- 
grammed values. Additional functions performed in this sec- 
tion include cursor positioning, storage of light pen ‘hit’ 
locations, and address comparisons required for generation 
of timing signals and the split-screen interrupt. 


BUFFER CONTROL 


The buffer control section generates three signals which 
control the transfer of data between the CPU and the display 
buffer memory. Four-system configurations requiring four 
different handshaking schemes are supported. These are 
described in SYSTEM CONEIURETIONS: 


SYSTEM CONFIGURATIONS 


Figure 1 illustrates the block diagram of a typical display 
terminal that uses an MC2672, character ROM, a keyboard in- 
terface, and an attribute controller. In this system, the CPU 
examines inputs from the data communications line and the 
keyboard and places the data to. be displayed in the display 
buffer memory. The buffer is typically a RAM wich holds the 
data for a single or multiple screenload (page) or for a single 
character row. 


The PVTC supports four common system configurations 
of display buffer memory, designated the independent, 
transparent, shared, and row-buffer modes. The first three 


modes utilize a single or multiple page RAM and differ 
primarily in the means used to transfer display data between 
the RAM and the CPU. The row-buffer mode makes use of a 
single row buffer (which can be shift register or a small 
RAM) that is updated in real time to contain the appropriate 
display data. 

The user program bits 0 and 1 of IRO to select the mode best 
suited for the system environment. The CNTRL1-CNTRL3 out- 
puts perform different functions for each mode and are named 
accordingly in the description of Sach mode given in the fol- 
lowing pareorepne: 


INDEPENDENT MODE — 

The CPU-to-RAM interface configuration for this mode is 
illustrated in Figure 2. Transfer of data between the CPU and 
display memory is accomplished via a bidirectional latched 


_ port and is controlled by the signals read data buffer (RDB), 
write data buffer (WDB), and buffer chip enable (BCE). This 





mode provides a non-contention type of operation that does 
not address the memory directly. The read or write operation 
is performed at the address contained in the cursor address 
register or the pointer address register as specified by the 
CPU. The PVTC enacts the data transfers during blanking 
intervals in order to prevent visual disturbances of the 
displayed data. — 

The CPU manages the data transfers by supply commands 
to the PVTC. The commands used are: 


1. Read/write at pointer address. 

2. Read/write at cursor address (with optional incre- 
ment of address). | 

3. Write from cursor address to pointer address. 

The operational sequence for a write operation is: 

1. CPU checks RDFLG status bit to assure that any 
previous operation has been completed. 

2. CPU loads data to be written to display memory into 
the interface latch. 

3. CPU writes address into cursor or pointer registers. 

4. CPU issues ‘‘write at cursor with/without increment’ 
or ‘‘write at pointer’’ command. 


_5. PVTC generates control signals and outputs specifiec 
address to perform requested operation. Data is 
copied from the interface latch into the memory. 
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6. PVTC sets RDFLG status to indicate that the write is 
completed. 


Similarly, a read operation proceeds as follows: 
1. Steps 1. and 3. as above 


2. CPU issues ‘‘read at cursor with/without increment’ 
or ‘read at pointer’’ command. 


3. PVTC generates control signals and outputs specified 
address to perform requested operation. Data is 
copied from memory to the interface latch and PVTC 
sets RDFLG status to indicate that the read is com- 
plete. 

4. CPU checks RDFiG status to see If operation is com- 
pleted. 

5. CPU reads data from interface latch. 

Loading the same data into a block of display memory is 
accomplished via the ‘‘write from cursor-to-pointer’’ com- 
mand: . j 

1. CPU checks RDFLG status bit to assure that any 
previous operation has been completed. 

2. CPU loads data to be written to display memory into 
the interface latch. 

3. CPU writes beginning address of memory block into 
cursor address register and ending address of block 
into pointer address register. 


4. CPU issues ‘write from cursor-to-pointer’’ com- 
mand. 


MC2672 


5. PVTC generates control signals and outputs block 
addresses to copy data from the interface latch into 
the specified block of memory. 


6. PVTC sets RDFLG status to indicate that the block 
write is completed. 


Similar sequences can be implemented on an interrupt 
driven basis using the READY interrupt output to advise the 
CPU that a previously requested command has been com- 
pleted. 

Two timing sequences are possible for the ‘‘read/write at 
cursor/pointer’’ commands. If the command is given during 
the active display window (defined as first scan line of the 
first character row to the last scan line of the last character 
row), the operation takes place during the next horizontal 
blanking interval, as illustrated in Figure 3. If the command is 
given during the vertical blanking interval, or while the 
display has been commanded blanked, the operation takes 
place immediately. In the latter case, the execution time for 
the command is approximately one microsecond plus six 
character clocks (see Figure 4). 

Timing for the ‘‘write from cursor-to-pointer’’ operation is 
shown in Figure 5. The BLANK output is asserted auto- 
matically and remains asserted until the vertical retrace inter- 
val following completion of the command. The memory is 
filed at a rate of one location per two character times, plus a 
small amount of overhead. 





FIGURE 1 — CRT TERMINAL BLOCK DIAGRAM 
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FIGURE 2 — INDEPENDENT BUFFER-MODE CONFIGURATION 
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FIGURE 3 — READ/WRITE AT CURSOR/POINTER COMMAND TIMING DIAGRAM 
(Command Received During Active Display Window) 
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NOTE: Write waveforms shown in dotted lines. 
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FIGURE 4 — READ/WRITE AT CURSOR/POINTER COMMAND TIMING DIAGRAM 
(Command Received While Display is Blanked) 
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FIGURE 5 — WRITE FROM CURSOR-TO-POINTER COMMAND TIMING 
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SHARED AND TRANSPARENT BUFFER MODES 


In these modes the display buffer RAM is a part of the 
CPU memory domain and is addressed directly by the CPU. 


Both modes use the same hardware configuration with the 


CPU accessing the display buffer via three-state drivers (see 


Figure 6). The processor bus request (PBREQ) control signal 


informs the PVTC that the CPU is requesting access to the 
display buffer. In response to this request, the PVTC raises 
bus acknowledge (BACK) until its bus external (BEXT) out- 
put has freed the display address and data buses for CPU ac- 


cesses. BACK, which can be used as a “‘hold’’ input to the 
CPU, is then lowered to indicate that the CPU can access the 
buffer. 

In transparent mode, the PVTC delays the granting of the 
buffer to the CPU until a vertical or horizontal blanking inter- 
val, thereby causing minimum disturbance of the display. In 
shared mode, the PVTC will blank the display and grant im- 
mediate access to the CPU. Timing for these modes is il- 
lustrated in Figures 7, 8, and 9. 


FIGURE 6.— PVTC SHARED OR TRANSPARENT BUFFER MODES 
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FIGURE 7 — TRANSPARENT-BUFFER MODE TIMING 
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FIGURE 8 — SHARED-BUFFER MODE TIMING 
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FIGURE 9 — SHARED AND TRANSPARENT MODE TIMING 


(a) During Vertical Blank or after ‘display off’ command 


a TNA AAR 





BEXT 


VBLANK ————> A 


or DBLANK 
DADD 


Refresh Addresses > Sys. Add. 


ROW-BUFFER MODE 


Figures 10 and 11 show the timing and a typical hardware 
implementation for the row-buffer mode. During the first 
scan line (line 0) of each character row, the PVTC halts the 
CPU and DMA‘s the next row of character data from the 
system memory to row-buffer memory. The PVTC then 
releases the CPU and displays the row-buffer data for the 


«q Refresh » 
Addresses 


(b) After ‘display off and three-state’ command 





BLANK 


DADD System Processor has , ‘Continuous Bus Control 


programmed number of scan lines. The bus-request control 
(BREQ) signal informs the CPU that character addresses and 
the memory bus control (MBC) signal will start at the next 
falling edge of BLANK. The CPU must release the address 
and data buses before this time to prevent bus contention. 
After the row of character data is transferred to the CPU, 
BREQ returns high to grant memory control back to the 
CPU. 





FIGURE 10 — ROW-BUFFER MODE CONFIGURATION 
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FIGURE 11 — ROW-BUFFER MODE TIMING 





OPERATION 


After power Is applied, the PVTC will be in an inactive 
state. Two consecutive ‘‘master reset’’ commands are 
necessary to release this circuitry and ready the PVTC for 
operation. Two register groups exist within the PVTC: the 
initialization registers and the display control registers. The 
initialization registers select the system configuration, 
monitor timing, Cursor shape, display memory domain, and 
screen format. These are loaded first and normally require no 
modification except for certain special visual effects. The 
display control registers specify the memory address of the 
base character (upper left corner of screen), the cursor posi- 
tion, and the pointer address for independent memory 
access mode. These usually require modification during 
operation. 

After initial loading of the two register groups, the PVTC is 
ready to control the monitor screen. Prior to executing the 
PVTC commands which turn on the display and cursor, the 
user should load the display memory with the first data to be 
displayed. During operation, the PVTC will sequentially ad- 
dress the display memory within the limits programmed into 
its registers. The memory outputs character codes to the 
system character and graphics generation logic, where they 
are converted to the serial video stream necessary to display 


the data on the CRT. The user effects changes to the display 
by modifying the contents of the display memory, the PVTC 
display control and command registers, and the initialization 
registers, if required. Interrupts and status conditions 
generated by the PVTC supply the ‘‘handshaking”’ informa- 
tion necessary for the CPU to effect the display changes in 
the proper time frame. 


INITIALIZATION REGISTERS 


There are 11 initialization registers (IRO-1R10) which are ac- 
cessed sequentially via a single address. The PVTC maintains 
an internal pointer to these registers which is incremented 
after each write at this address until the last register (IR10, 
the split-screen register) is accessed. The pointer then con- 
tinues to point to the split-screen register. Upon power-up or 
a master reset command, the internal pointer is reset to point 
to the first register (IRO) of the initialization register group. 
The internal pointer can also be preset to any register of the 
group via the “‘load IR address pointer’’ command. These 
registers are write Only and are used to specify parameters 
such as the system configuration, display format, cursor 
shape, and monitor timing. Register formats are shown in 
Figure 12 and described in the following paragraphs. 


FIGURE 12 — INITIALIZATION REGISTER FORMATS (Page 1 of 3) 
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FIGURE 12 — INITIALIZATION REGISTER FORMATS (Page 2 of 3) 
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0000 = 2 CCLK 000= 1 CCLK 
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e 
1110=30 CCLK 
1111=32 CCLK 


e 
110= 25 CCLK 
111=29 CCLK 





IR3 Vertical Front Porch Vertical Back Porch 


000=4 Scan Lines: 00000 = 4 Scan Lines 
001=8 Scan Lines 00001 =6 Scan Lines 


e e 
e : : 
110 = 28 Scan Lines 11110=64 Scan Lines 
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IR4 











0000000 = 1 Row 
0000001 = 2 Rows 
e@ 


e 
1111110= 127 Rows 
1111111 = 128 Rows 


*In interlace mode with odd total character rows per screen the last character row will be the programmed scan lines per 
character row minus one. 


IR5 Active Characters Per Row 


00000010 = 2 Characters 


00000011 = 4 Characters 


e 

e 
11111110 = 255 Characters 
11111111 = 256 Characters 
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FIGURE 12 — INITIALIZATION REGISTER FORMATS (Page 3 of 3) 
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SCAN LINES PER CHARACTER ROW (IRO(6:3]) — Both 
interlaced and non-interlaced scanning are supported by the 
PVTC. For interlaced mode, two different formats can be im- 
plemented, depending on the interconnection between the 
PVTC and the character generator (see IR1[7]). This field 
defines the number of scan lines used to compose a char- 
acter row for each technique. As scanning occurs, the scan 
line: count is output on the LAO-LA3 and LI pins. 


VS/CS ENABLE (IRO[2]) — This bit selects either vertical 
sync pulses or composite sync pulses on the VSYNC/ 
CSYNC output (pin 18). The composite sync waveform con- 
forms to EIA RS170 standards, with the vertical interval com- 
posed of six equalizing pulses, six vertical sync pulses, and 
six more equalizing pulses. _ 


BUFFER MODE SELECT (iRO[1:0]) — Four buffer memory 
modes may be selectively enabled to accommodate the 
desired system configuration. See SYSTEM CONFIGURA- 
TION. 


INTERLACE ENABLE (IR1[7]) — Specifies interlaced or 


~ non-interlaced timing operation. Two modes of ‘interlaced 


operation are available, depending on whether LO-L3 or LI, 

LO-L2 are used as the line address for the character 

generator. The resulting displays are shown in Figure 13. 
For “interlaced sync’’ operation, the same information is 


displayed in both odd and even fields, resulting in enhanced 


readability. The PVTC outputs successive line numbers in 
ascending order on the LAO-LA3 lines, one per scan line for 
each field. 

The “interlaced sync and video’ format doubles the 
character density on the screen. The PVTC outputs suc- 
cessive line numbers in ascending order on the LI, LAO-LA2 
lines, One per scan line for each field, but alternates begin- 
ning the count with even and odd line numbers. This 
displays the odd field with even scan lines in even character 


rows and odd scan lines in odd character rows, and the even 


field with odd scan lines in even character rows and even 
scan lines on odd character.rows. This provides balanced 
beam currents in the odd and even fieids, thus minimizing 
character variations due to different loading of the CRT 
anode supply between fields. 


FIGURE 13 — INTERLACED DISPLAY MODES 
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EQUALIZING CONSTANT (IR1[6:0]) — This field indirect- 
ly defines the horizontal front porch and is used internally to 
generate the equalizing pulses for the RS170 compatible 
CSYNC. The value for this field is the total number of char- 
acter clocks (CCLK) during a horizontal line period divided by 
two, minus two times the number of character clocks in the 
horizontal sync pulse: 





Hep+ HSYNC+HBP _ opicynicy 


++ 
EC=TACT* Hep 


‘The definition of the individual parameters is illustrated in 
Figure 14. The minimum value of Hfp is two character 
clocks. 

Note that when using the attributes controller the blank pulse 
is delayed three CCLKs relative to the HSYNC pulse. 





HORIZONTAL SYNC PULSE WIDTH (IR2[6:3]) — This 
field specifies the width of the HSYNC pulse in CCLK 
periods. 





HORIZONTAL BACK PORCH (IR2[2:0]) — This field 
defines the number of CCLKs between the trailing edge of 
HSYNC and the trailing edge of BLANK. 


VERTICAL FRONT PORCH (IR3[7:5]) — Programs the 
number of scan line periods between the rising edges of 
BLANK and VSYNC during a vertical retrace interval. The 
width of the VSYNC pulse is fixed at three scan lines. 


“VERTICAL BACK PORCH (IR3[4:0]) — This field deter- 
mines the number of scan line periods between the falling 
edges of the VSYNC and BLANK outputs. 


CHARACTER BLINK RATE (IR4[7]) — Specifies the fre- 
quency for the character blink attribute timing. The blink rate 
can be specified as 1/16 or 1/32 of the vertical field rate. The 
timing signal has a duty cycle of 75% and is multiplexed onto 
the DADD11/BLINK: output at the falling edge of each 
BLANK. 


CHARACTER ROWS PER SCREEN (IR4/[6:0]) — This field 
defines the number of character rows to be displayed. This 
value multiplied by the scan lines per character row, plus the 
vertical front and back porch values, and the vertical sync 
pulse width (three scan lines) is the vertical scan period in 
scan lines. 


ACTIVE CHARACTERS PER ROW (IR5{7:0]) — This field 
determines the number of characters to be displayed on each 
row of the CRT screen. The sum of this value, the horizontal 
front porch, the horizontal sync width, and the horizontal 
back porch is the horizontal scan period is CCLKs. 





FIRST AND LAST SCAN LINE OF CURSOR (IR6[7:4] 
AND IR6[3:0]) — These two fields specify the height and 
position of the cursor on the character block. The ‘‘first’’ line 
is the topmost line when scanning from the top to the bot- 
tom of the screen. 


FIGURE 14 — HORIZONTAL AND VERTICAL TIMING 
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LIGHT PEN LINE POSITION (IR7[7:6]) — This field 
defines which of four scan lines of the character row will be 
used for the light pen strike — through attribute by the 
MC2673 VAC. The timing signal is multiplexed onto the 
DADD9/LPL output during the falling edge of BLANK. - 


CURSOR BLINK ENABLE (IR7[5]) — This bit controls 
whether or not the cursor output pin will be blinked at the 
selected rate (IR10[7]). The blink duty cycle for the cursor is 
50%. 


DOUBLE HEIGHT CHARACTER ROW ENABLE (IR7[4]) 
— If enabled, the number of each scan line will be repeated 
twice In succession, causing the height of the character row 
to double. This bit can be changed at any time but will only 
become effective at the beginning of the character row fol- 
lowing the time it is changed. This allows selected character 
rows to be of double height. The split-screen interrupt can 
be used to notify the CPU when the effectuate changes to 
this bit. For each double height row which replaces a normal 
row, one row count should be subtracted from the ‘’char- 
acter rows per screen” field (IR4) to maintain the same total 
number of scan lines per field. 


UNDERLINE POSITION (IR7[3:0]) — This field defines which 
scan line of the character row will be used for the underline 
attributes by the attributes controller. The timing signal is: mul- 
tiplexed onto the DADD10/UL output during the falling edge 
of BLANK. 


DISPLAY BUFFER FIRST ADDRESS (IR9[3:0] AND 
IR8[7:0]) AND DISPLAY BUFFER LAST ADDRESS 
(IR9[7:4]) — These two fields define the area within the buf- 
fer memory where the display data will reside. When the data 
at the ‘‘display buffer last address’ is displayed, the PVTC 
will wrap-around and obtain the data to be displayed at the 


next screen position from the ‘display buffer first address’ 


If ‘last address’ is the end of a character row and a new 
screen start address has been loaded into the screen start 
register, or if ‘‘last address” is the last character position of 
the screen, the next data is obtained from the address con- 
tained in the screen start register. 

_ Note that there is no restriction in displaying data from 
other areas of the addressable memory. Normaily,. the area 
between these two bounds is used for data which can be 
overwritten (e.g., as a result of scrolling), while data that is 
not to be overwritten would be contained outside these 
bounds and accessed by means of the split-screen interrupt 
feature of the PVTC. . 


CURSOR BLINK RATE (IR10[7]) — The cursor blink rate 
can be specified at 1/16 or 1/32 of the vertical scan fre- 
quency. Blink is effective only if blink is enabled by IR7[5]. 


SPLIT-SCREEN INTERRUPT (IR10[6:0]) — The split- 
screen interrupt can be used to provide special screen effects 
such as a row of double height characters or to change the 
normal addressing sequence of the display memory. The 
contents of this field is compared, in real time, to the current 
character row number. Upon a match, the PVTC sets the 
split-screen status bit, and issues an interrupt request if so 
programmed. The status change/interrupt request is made 
at the beginning of scan line zero of the split-screen char- 
acter row. 


. TIMING CONSIDERATIONS 


Normally, the contents of the initialization registers are not 
changed during operation. However, this may be necessary 
to implement special display features such as multiple cur- 
sors, smooth scrolling, horizontal scrolling, and double 
height character rows. Table 2 describes the timing details 
for these registers which should be considered when imple- 
menting these features. 


TABLE 2 — TIMING CONSIDERATIONS 


: ining Considerations 


Field Line of Cursor 
Last Line of Cursor 
Light Pen Line 
Underline 


These parameters must be established at a minimum of two characters times 
prior to their occurrence. 


Double Height Characters Set/reset during the character row prior to the row which is to be/not to be 
double height. 


Cursor Blink 
Cursor Blink Rate 
Character Blink Rate 


Split-Screen Interrupt owe 
Character Rows Per Screen 
Vertical Front Porch 
Vertical Back Porch: 
Screen-Start Register. 


New values become effective within one field after values are changed. 


hange’ anytime prior to line zero of desired row. 


hange only during vertical blanking period. 


hange prior to first line of VFP. 


-hange prior to fourth line after VSYNC. 


Change prior to the horizontal blanking interval of the last line of character 
row before row where new value is to be used. 
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DISPLAY CONTROL REGISTERS 


There are nine registers in this group, each with an in- 
dividual address. Their formats are illustrated in Figure 15. 
The command register is used to invoke one of 16 possible 
PVTC commands as described in COMMANDS. The remain- 


ing registers in the group store address values which specify 
the cursor and buffer pointer locations, the location of the 
first character to be displayed on the screen, and the location 
of a light pen ‘hit’. With the exception of the light pen 
register, the user initializes these registers after powering on 
the system and changes their values to control the data 
which is displayed. 


FIGURE 15 — DISPLAY CONTROL REGISTER FORMATS 


(a) Command Register (Write Only) 


Command Code 


Refer to COMMANDS for Command Codes 





(b) Screen Start Registers (Read and Write), 

Cursor Address Registers (Read and Write), 

Pointer Address Register (Write Only), and 
Light Pen Address Register (Read Only) 






7 6 5 4 3 2 1 0 


Ss 


Lower Register (LSBs) 


NOTE: MSBs are in Upper Register [5:0! 


H''SFFE” = 16,382 





H''3FFF’ = 16,383 


SCREEN-START REGISTERS 


The screen-start registers contain the address of the first 
character of the first row (upper left corner of the active 
display). At the beginning of the first scan line of the first 
row, this address is transferred to the row-start register 
(RSR) and into the memory-address counter (MAC). The 
counter is then advanced sequentially at the character rate 
the number of times programmed into the active characters- 
per-row register (IR5) thus reaching the address of the last 
character of the row plus one. At the beginning of each sub- 
sequent scan line of the first row, the MAC is reloaded from 
the RSR and the above sequence is repeated. At the end of 
the last scan line of the first row, the contents of the MAC is 
loaded into the RSR to serve as the starting memory address’ 
for the second character row. This process is repeated for 


the programmed number of rows per screen. Thus, the data 
in the display memory is displayed sequentially starting from 
the address contained in the screen start register. After the 
ensuing vertical retrace interval, the entire process repeats 
again. : 

The sequential operation described above will be modified 
upon the occurrence of either of two events. First, if during 
the incrementing of the memory address counter the 
“display buffer last address’’ (IR9[7:4]) is reached, the MAC 
will be loaded from the ‘‘display buffer first-address’’ register 
(1R9[3:0]), (IR8[7:0]) at the next character clock. Sequential 
operation will then resume starting form this address. This 
wraparound operation allows portions of the display buffer 
to be used for purposes other than storage of displayable 
data and is completely automatic without any CPU interven- 
tion (see Figure 16a). 
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FIGURE 16 — DISPLAY ADDRESSING OPERATION - 
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(b) Display Memory Split Screen With Wraparound 


The sequential row-to-row addressing can also be 
modified under CPU control. If the contents of the screen- 
start register (upper, lower, or both) are changed during any 
character row (say row ‘‘n’’), the starting address of the next 
character row (row ‘‘n+1"') will be the next value of the 
screen-start register and addressing will continue sequential- 
ly from there. This allows features such as split-screen 
operation, partial scroll, or status line display to be im- 
plemented. The split-screen interrupt feature of the PVTC is 
useful in controlling this type of operation. Note that in order 
to obtain the correct screen display, the screen-start register 
must be reloaded with the original value prior to the end of 
the vertical retrace. See Figure 16b. 

During vertical blanking the address counter operation is 
modified by stopping the automatic load of the contents of 
the RSR into the counter, thereby allowing the address out- 
puts to free-run. This allows dynamic memory refresh to oc- 
cur during the vertical retrace interval. The refresh address- 
ing starts at the last address displayed on the screen and in- 
crements by one for each character clock during the retrace 
interval. If the display buffer last address is encountered 
refreshing continues from the display buffer first address. 


CURSOR ADDRESS REGISTERS 


The contents of these registers define the buffer memory 
address of the cursor. If enabled, the cursor output will be 
asserted when the memory address counter matches the 
value of the cursor address registers. The cursor address 
registers may be read or written by the CPU or incremented 
via the “increment cursor address’’ command. In indepen- 
dent buffer mode, these registers define a buffer memory ad- 
dress for PVTC controlled access in response to ‘‘read/write 
at cursor with/without increment’ commands, or the first 
address to be used in executing the ‘‘write for cursor to 
pointer’’ command. 


DISPLAY POINTER ADDRESS REGISTERS 


These registers define a buffer memory address for PVTC 
controlled accesses in response to ‘‘read/write at pointer’ 
commands. .They also define the last buffer memory address 
to be written for the ‘write from cursor to pointer’’ com- 


mand: 


LIGHT PEN ADDRESS REGISTERS 
If the light pen input is enabled, these registers are used to 
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store the current character address upon receipt of a light 
pen strobe input. Several sources of delay between the 
display of a character upon the screen and the receipt of a 
light pen hit can be expected to exist in a system environ- 
ment. These delays include address pipelining in the char- 
acter generation circuits, delays in the video generation cir- 
cuits, and delays in the light detection circuitry itself. These 
delays cause the value stored in the light pen register to dif- 
fer from the actual address of the character at which the light 
pen hit actually was detected. Software must be used to cor- 
rect this condition. 


INTERRUPT/STATUS REGISTERS 


The interrupt and status registers provide information to 
the CPU to allow it to interface with the PVTC to effect 
desired changes to implement various display operations. 
The interrupt register provides information on five possible 
interrupting conditions, as shown tn Figure 17. These condi- 
tions may be selectively enabled or disabled (masked) from 
causing interrupts by certain PVTC commands. An interrupt 
condition which is enabled (mask bit equal to one) will cause 
the INTR output to be asserted and will cause the corres- 
ponding bit in the interrupt register to be set upon occur- 
rence of interrupt condition. An interrupt condition which is 
disabled (mask bit equal to zero) has no effect on either the 
INTR output or the interrupt register. 

The status register provides six bits of status information; 
the five possible interrupting conditions plus the NOT BUSY 
bit. For this register, however, the contents are not effected 
by the state of the mask bits. 

Descriptions of each interrupt/status register bit follows. 
Unless otherwise indicated, a bit, once set, will remain set 
until reset by the CPU by issuing a “‘reset interrupt/status 
bits’’ command. The bits are also reset by a ‘‘master reset’’ 
command and upon power-up. 

RDFLG (SRI5]) — This bit is present in the status register 
only. A zero indicates that the PVTC is currently executing 
the previously issued command. A one indicates that the 
PVTC ts ready to accept a new command. 





VBLANK (1/SR[4]) — Indicates the beginning of a vertical 
blanking interval, is set to a one at the beginning of the first 
scan line of the vertical front porch. 


LINE ZERO (I/SRI3]) — Is set to a one at the beginning of 
the first scan line (line zero) of each active character row. 


SPLIT SCREEN (I/SR[2]) — This bit is set when a match 
occurs between the current character row number and the 
value contained in the split-screen interrupt register, 
IR10[6:0]. The equality condition is only checked at the 
beginning of line zero of each character row. This bit is reset 
when either of the screen-start registers 1s ioaded by the 
GPU: 


READY (I/SR[1]) — Certain PVTC commands affect the 
display and may require the PVTC to wait for a blanking 
interval before enacting the command. This bit is set to one 
when execution of the command has been completed. No 
command should be invoked until the prior command is 
completed. 


LIGHT PEN (1/SR[0]) — A one indicates that a light pen 
hit has occurred and that the contents of the light pen 
register have been updated. This bit will be reset when either 
of the light pen registers is read. 


COMMANDS 


The PVTC commands are divided into two classes: the in- 
stantaneous commands, which are executed immediately 
after they are invoked, and the delayed commands which 
may need to wait for a blanking interval prior to their execu- 
tion. Command formats are shown in Table 3. The com- 
mands are asserted by performing a write operation to the 
command register with the appropriate bit pattern as the 
data byte. 


FIGURE 17 — INTERRUPT AND STATUS REGISTER FORMAT 





Z 6 5 4 3 Z 1 0 
Line Split Light 
Not Used RDFLG VBLANK Zero Screen Ready Pen 
Always Read O= Busy O=No O=No O=No O= Busy O=No 
as Zero 1 = Ready 1= Yes 1= Yes 1= Yes 1 = Ready 1= Yes 
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TABLE 3 — PVTC COMMAND FORMATS 






dé | bs | D4 | ps | b2 | o1 | bo | Hex | 


* Any combination of these three commands is valid. 
d= Don't Care 


3 
~ 












—- Oo-OcDdCC0O0C00 0 
- OO, - - = = =~ OO 
ZZ22-+-aQqaqQq-0 
Zz2ZzZzaae--aaco 
Z2z2z2aazvz727ang < Oo 
2Z22Z2aaqaqa--<o 








INSTANTANEOUS COMMANDS 


The instantaneous commands are executed immediately 
after the trailing edge of the write pulse during which the 
command is issued. These commands do not affect the state 
of the RDFLG or READY interrupt/status bits. However, a 
command should not be invoked if the RDFLG bit is low. 


MASTER RESET 


This command initializes the PVTC and may be invoked at 
any time to return the PVTC to its initial state. Upon power- 
up, two successive master reset commands must be applied 
to release the PVTC’s internal power on circuits. In trans- 
parent and shared buffer modes, the CNTRL1 input must be 
high when the command is issued. The command causes the 
following: 

1. VSYNC and HSYNC are driven low for the duration of 

reset and BLANK goes high. BLANK remains high until 
a ‘display on’’ command is received. 


2. The interrupt and status bits and masks are set to zero, 
except for the RDFLG flag which is set to a one. 


3. The transparent mode, cursor off, display off, and light 
pen disable states are set. 


4. The initialization register pointer is set to address |RO. 


LOAD IR ADDRESS 


This command is used to preset the initialization register 
pointer with the value “V"’ defined by D3-DO. Allowable 
values are 0 to 10. 


Command 
Instantaneous Commands 


Master Reset 
Load IR Pointer with Value V (V=O to 10) 

Disable Light Pen 

Enable Light Pen 

Display Off — Float DADD Bus If N=1 

Display On — Next Field (N= 1) or Scan Line (N= 0) 

Cursor Off 

Cursor On 

Reset Interrupt/Status — Bit Reset where N= 1 

Disable Interrupt — Disable where N= 1 

Enable Interrupt — Enables Interrupts and Resets the Corresponding 
Interrupt/ Status Bits where N= 1 





Delayed Commands 


Reset at Pointer Address 
Write at Pointer Address 
Increment Cursor Address 

Read at Cursor Address 

Write at Cursor Address 

Read at Cursor Address and Increment Address 
Write at Cursor Address and Increment Address 
Write from Cursor Address to Pointer Address 
































ENABLE LIGHT PEN 


After invoking this command, receipt of a light pen strobe 
input will cause the light pen register to be loaded with the 
current buffer memory address and the corresponding inter- 
rupt and status flag to be set. Once loaded, further loads are 
inhibited until either one of the light pen registers are read or 
a reset function is performed. 


DISABLE LIGHT PEN 
Light pen hits will not be recognized. 


DISPLAY OFF 


Asserts the BLANK output. The DADDO through DADD13 
display address bus outputs may be optionally placed in the 
high-impedance state by setting bit 2 to a one when invoking 
the command. 


DISPLAY ON 


Restores normal blanking operation either at the beginning 
of the next field (bit 2=1) or at the beginning of the next 
scan line (bit 2=Q). Also returns the DADDO-DADD13 
drivers to their active state. 


CURSOR OFF 


Disables cursor operation. Cursor output is placed in the 
low state. 


CURSOR ON 
Enables normal cursor operation. 
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RESET INTERRUPT/STATUS BITS 


This command resets the designated bits in the interrupt 
and status registers. The bit positions correspond to the bit 
positions in the registers: 


Bit O — Light Pen 
Bit 1 — Ready 

Bit 2 — Split Screen 
Bit 3 — Line Zero 

Bit 4 — Vertical Blank 


DISABLE INTERRUPTS 

Sets the interrupt mask to zeros for the designated condi- 
tions, thus disabling these conditions from asserting the 
INTR output. Bit position correspondence is as above. 





ENABLE INTERRUPTS 


Resets the selected interrupt and status register bits and 
writes the associated interrupt mask bits to a one. This 
enables the corresponding conditions to assert the INTR out- 
put. Bit position correspondence is as above. 





DELAYED COMMANDS 


This group of commands is utilized for the independent 
buffer mode of operation, although the “increment cursor’ 
command can also be used in other modes. With the excep- 
tion of the ‘‘write from cursor to pointer’ and ‘increment 
cursor’’ commands, al! the commands of this type will be 
executed immediately or will be delayed depending on when 
the command Is invoked. If invoked during the active screen 
time, the command is executed at the next horizontal blank- 
ing blanking interval. If invoked during a vertical retrace in- 
terval or a ‘‘display off’ state, the command is executed im- 
mediately. 


MECHANICAL DATA 


ORDERING INFORMATION (Ta, =0°C to 70°C) 






Plastic 
P Suffix 


PIN ASSIGNMENTS 


Package Type Order Number 


























MC2672B3P 
MC2672B4P 


33 LI DADD1 
32 TJ DADD2 


31 DADD3/LI 

30 Ul DADD4/LAO 
29 LI DADDS5/LA1 
28 LIDADD6/LA2 
27 UDADD7/LA3 
26 LIDADD8/LNZ 
25 LIDADD9/LPL 


24 fIDADD10/UL 
DADD11 
/ BLINK 
DADD12/ 
2205 8° 
21 f1DADD13/LL 
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tied Iniabemution 


Advanced Video Display Controller (AVDC) 


The MC2674 advanced video display eantroller (AVDC) isa aroncaminabis device designed for 
use in CRT terminals and display systems that: employ raster-scan techniques. The AVDC generates 
the vertical and horizontal timing signals necessary for the display of interlaced or non-interlaced 
data on a CRT monitor. It provides consecutive addressing to a user specified display buffer mem- 
ory domain and controls the CPU-display buffer interface for various buffer configuration modes. A 
variety of operating modes, display formats, and timing profiles can be implemented by program- 
ming the control registers in the AVDC. 


A minimum CRT terminal system configuration consists of a an AVDC, a keyboard controller, an 
asynchronous communications interface adapter, character ROM, and an attributes controller. Other 
necessary parts of the system are a single-chip microcomputer such as the MC6809, display buffer 
RAM, and a small amount of TTL for miscellaneous address decoding, interface, and control. Sys- 
tem complexity can be enhanced by upgrading the microprocessor and expanding via the system 
address and data buses. > 


4 MHz Character Rate 

1 to 256 Characters Per Row 

1 to 16 Raster Lines Per Character Row 

Bit Mapped Graphics Mode 

Programmable Horizontal and Vertical Sync Generators 
Interlaced or Non-Interlaced Operation 

Up to 64K RAM Address for Multiple-Page Operation . | 
Readable, Writeable, and Incrementable Cursor 
Programmable Cursor Size and Blink 

AC Line Lock 

Automatic Wraparound of RAM 

Automatic Split Screen 

Automatic Bidirectional Soft Scrolling 
Programmable Scan Line Increment — 

Row Table Addressing Mode 

Double Height Tops and Bottoms 

Double Width Control Output 

Selectable Buffer Interface Modes 

Dynamic RAM Refresh 

Completely TTL Compatible 

Single +5-Volt Power Supply 

Power-On Reset Circuit 


Applications Include: CRT Terminals, Word Processing Systems, foal Business Computers, 
and Home Computers 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 











































CE Interface Control 
R Initializati Display CTRLI1 
nitialization, Memory 
a iio eg las chalks CTRL2 
rite an Logic 
Control Display CTRL3 
Logic Registers 
Command 
Decode Display 
Logic 
AO-A2 Scroll and 
- Address Double Height | | paDDO-DADD13 
iL Decoder Interrupt Logic 
Logic 
Register Address 14 
Timing 
INTR Multiplexers 
| Cursor and 
Registers 
Data 
Bus Cursor 





Drivers Buisat 


and 
Compare 
Logic 





ACLL 


Timing Chain , HSYNC 


and VSYNC/CSYNC 
Decode Logic 
BLANK 
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ABSOLUTE MAXIMUM RATINGS 
Rating 














ng Symbol 

[Supp Voge —SSCSCSC~CS*~SCcc «sO TO | 
FinputVatage SSCS in OO HOY 
[Operating Temperature Range ———~=S~* STA [O70 +f 


THERMAL CHARACTERISTICS. 


- Characteristic Symbol 


Thermal Resistance OA 
_ Plastic.Package 





POWER CONSIDERATIONS 


The average chip-junction temperature, Tj, in °C can be obtained from: 
Ty=Ta t+ (Pp * 8a) 


where: 
TA = Ambient Temperature, °C 
OIA = Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD =PiInT+PPORT 
Pint  =!cec*Vec, Watts — Chip Internal Power 


Pport = Port Power Dissipation, Watts — User Determined 


This device contains circuitry to pro- 
tect the inputs against damage due to 
high static voltages or electric fields; 
however, it is advised that normal pre- 
cautions be taken to avoid application 
of any voltage higher than maximum- 
rated voltages to this high-impedance 
circuit. For proper operation it is rec- 
ommended that Vin and Voyt be con- 
strained to the range GNDS(Vjpn or 
Vout)=Vcc. Reliability of operation is 
enhanced if unused inputs are tied to 
an appropriate logic voltage level (e.g., 
either GND or Vcc). 


(1) 


For most applications PporT<PINT and can be neglected. PPORT may become significant if the device is configured 


to drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if Pport is neglected) is: 


Pp =K=+ (Ty + 273°C) 
Solving equations (1) and (2) for K gives: 
| » K=Pp° (Ta + 273°C) + byAsPD* 


(2) 


(3) 


where K is a constant pertaining to the particular part, K can be determined from equation (3) by measuring Ph (at | 
equilibrium) for a known Ty. Using this value of K, the values of Pp and Ty can be obtained by solving equations 


(1) and (2) iteratively for any value of Tp 


DC ELECTRICAL CHARACTERISTICS (Ta =0°C to 70°C, Vec=5.0 V+ 5%) 







Symbal | _Min_[ Max | Unit 
oa | 
[Output Low VotageTou=24mAl SSS 


in| 


r V 
; ec ae 
; 







IH 
H 


I 
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AC ELECTRICAL CHARACTERISTICS — BUS TIMING (Tp =0°C to 70°C, Vcc =5 V+5%) 


A0-A2 Setup Time to W, R Low 


CE Setup Time to W, R Low 

CE Hold Time from W, R High 

W, R Pulse Width 

Data Valid after R Low 

Data Bus Floating after R High 

Data Setup Time to W High 

Data Hold Time from W High 

High Time from CE to CE 
Consecutive Commands 
Other Accesses 





AO0-A2 


=e) 


DO-D7 
(Read) 


=| 


DO-D7 
(Write) 


aI 
a 
S| 


NOTES: 


1. Any two must be high for tcc. 
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 


Parameter 


A0-A2 Hold Time from W, R High 


” 
< 
3 
‘s 


tas 


tcs 





BUS TIMING DIAGRAM 


tos 


xa; 
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tRWw 
; tDF 


'DH 


tcc 
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AC ELECTRICAL CHARACTERISTICS — CHARACTER CLOCK (CCLK) TIMING (Ta =0°C to 70°C, Vcc =5 V+5%) 


. ~ Parameter 


CCLK Period 
CCLK High Time 
CCLK Low Time. 


Output Delay Time from CCLK Edge 
~ DADDO-13, MBC . iy ae 
BLANK, HSYNC, VSYNC/CSYNC, CURSOR, BEXT, BREO, 
BACK, BCE, WDB, RDB* . - . : . 


ba BCE, WDB, and RDB delays track each other within 10 nanoseconds. Also, these output delays will tend to follow direction (minimum/max- 
imum) of DADDO-DADD13 delays. Ee ee ; 





CCLK TIMING DIAGRAM 





‘ccP 
'CCH 

CCLK 

‘CCD 

TCD? 

Outputs 
(Note 1) 
tccbD2 

Outputs WDB, 
RDB, BCE 


NOTES: 
1. DADDO-DADD13, BLANK, HSYNC, CSYNC/VSYNC, CURSOR, BEXT, BREQ, BCE, MBC, BACK. 
2. BCE changes state on both CCLK edges. 
3. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 


AC ELECTRICAL CHARACTERISTICS — OTHER TIMING (Ta =0°C to 70°C, Vcc =5 V +5%) 


Max 


INTR High from W, R High* 
~ACLL from HSYNC 





*Timing is illustrated and specified referenced to W and R inputs. Device may also be operated withCE as the “strobing” input. In 
this case, all timing specifications apply referenced to falling and rising edges of CE. 
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OTHER TIMING DIAGRAMS (Sheet 2 of 2) 





CCLK 
BLANK Vertical 
Blanking 
Interval 
HSYNC Ist HSYNC 
of VBLANK 
VBLANK Status Bit 
URL 
INTR 
CCLK 
Horizontal 
BLANK 
Blanking 
Int | 
ae Address of 
1st Character 
tCCD1 tCCD1 Aaa 


Multiplexed 
DADDO-RADD TS Signals Valid Cy ) 


Line Zero and Split 
Screen Status Bits 


URL 


NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 


A 
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OTHER TIMING DIAGRAMS .(Sheet 2 of 2) 


HSYNC . 





BLANK 


Vep=n Scan Lines 


—>| tAC | 


Normal VSYNC (ACLL = 1) 


ACLL 


Delayed VSYNC 


Vep=n+3 Scan Lines > 


tRDL 


W for a Delayed Command 





READY or RDFLG Status Bits 








NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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AC ELECTRICAL CHARACTERISTICS — ROW TABLE INPUT TIMING (T,=0°C to 70°C, Vcc=5 V+5%) : 


| 
i | 
| 


Data Setup Time to CCLK Low 


—e 


Data Hold Time from CCLK Low 





ROW TABLE FETCH 1/0 TIMING DIAGRAM 


Latch DO-D7 Into Latch DO-D7 Into 
SSR1 Lower SSR1 Upper 


4 


BLANK 
'CCD1 


MBC 
tccD2 —| 





CURSOR 


'CCD1 


DADD SSR2 Address SSR2 Address+ 1 GD 


tDSRT 
tDHRT 'IDHRT 
- Row Start Row Start 
Address Lower Address Upper 


NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 













DO-D7 


Even Field COMPOSITE SYNC TIMING DIAGRAM 
Last Displayed 
Scan of 


, First Displayed Scan 
Previous Field Vertical Front Porch Vertical SYNC Pulse Vertical Back Porch of Even Field 


ra Horizontal 
CSYNC i SYNC 


Pulses 


BLANK 


. bj_@——————vertca Blanking interval > 
Odd Field 


First Displayed 
East Hisplayed Vertical Front Porch— 42H Vertical SYNC Pulse Vertical Back Porch— %H S 2 
Scan of can 0 
Even Field ml x — ve wy, Field 


CSYNC . 
% Horizontal SYNC — <— >t Period 
BLANK 
be vertica Blanking Lo rics) f 
NOTES: 


1. In non-interlaced operation the even field is repeated continuously. POnzeMtale lenking mena) 
2. In interlaced operation the even field alternates with the odd field. 
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SIGNAL DESCRIPTION 


The input and output signals for the AVDC are eechpee 
in the folowing peragiapns. 


ADDRESS LINES (A0-A2)_ 
These input lines are used to select AVDC internal register 
for read/write operations and for commands. 


DATA BUS (DO0-D7) 

The 8-bit bidirectional three-state data bus controls all 
data, command, and status transfers between the CPU and 
the AVDC. Bit 0 is the least significant bit and bit 7 is the 
most significant bit. The direction of the transfer is con- 
trolled by the read (R) and write (W) inputs when chip enable 
(CE) input is low. When the CE input is high, the data bus is 
in the three-state condition. | 


READ STROBE (R) 

This pin is an active low input. A low on this pin while CE 
is low causes the contents of the register selected by the ad- 
dress lines to be ‘placed on the. data bus. The read cycle 
begins on the leading (falling) edge of R. 


WRITE STROBE (W) 

This is an active low input. A low on this pin while CE is 
also low causes the contents of the data bus to be transfer- 
red to the register selected by. the address lines. The transfer 
occurs on the trailing (rising) edge of W. | 


CHIP ENABLE (CE) 

This is an active low input. When low, data transfers bet- 
ween the CPU and the AVDC are enabled on the data bus as 
controlled by the write strobe, read strobe, and address 
lines. When CE is high, effectively, the AVDC is isolated 
from the data bus and DO-D7 are placed in the three-state 
condition. 


CHARACTER CLOCK (CCLK) 

This input is the timing signal derived from the video dot 
clock which is used to SyACHIONIZE, the AVDC’'s timing func- 
tions. 


HORIZONTAL SYNC (HSYNC) 


This active high output provides video horizontal sync 
pulses. The timing parameters are programmable. 


VERTICAL SYNC/COMPOSITE SYNC (VSYNC/CSYNC) 

A control bit selects either vertical or composite sync 
pulses on this active high output. When CSYNC is selected, 
equalization pulses are included. The timing parameters are 
programmable. 


BLANK (BLANK) 


This active high output defines the horizontal and vertical 
borders of the display. Display control signals which are out- 
put on display addresses DADDO and DADD3 through 
DADD13 are valid on the trailing edge of BLANK. 


CURSOR GATE (CURSOR) 


This output becomes active for a specified auimber of scan 
lines when the address continued in the cursor register 
matches the address output on DADDO through DADD13 for 
displayable character addresses. The first and last lines of the 
cursor and a blink option are programmable. When the row 
table addressing mode is enabled, this output is active for a 
portion of the blanking interval prior to the first scan line of a 
character row, while the AVDC is fetching the starting ad- 
dress for that row. 


INTERRUPT REQUEST (INTR) 7 

This is.an open-drain output which supplies an active low 
interrupt request from any of five maskable sources. This pin 
is inactive after a power-on reset or a master reset command. 


AC LINE LOCK (ACLL) 


If this input is low after the programmed vertical front 
porch interval, the vertical front porch will be lengthened by 
increments of horizontal scan line times until this input goes 
high. 


HANDSHAKE CONTROL 1 (CTRL1) 

In independent mode, provides an active low write data 
buffer (WDB) output which strobes data from the interface 
latch into the display memory. In transparent and shared 
modes, this is an active low processor bus request (PBREQ) 
input which indicates that the CPU desires to access the 
display memory. 





HANDSHAKE CONTROL 2 (CTRL2) 


In-independent mode, provides an active low read data 
buffer (RDB) output which strobes data from the display 
memory into the interface latch. In transparent and shared 
modes, this is an active low bus external enable (BEXT) out- 
put which indicates that the AVDC has relinquished control 
of the display memory (DADDO-DADD13 are in the three- 
state condition) in response to a CPU bus request. BEXT 
also goes low In response to a ‘display off and float DADD’ 
command. In row buffer mode, it is an active low bus re- 
quest (BREQ) output which halts the CPU during a line 
DMA. 











HANDSHAKE CONTROL 3 (CTRL3) 
In independent mode, provides the active low buffer chip 


~ enable (BCE) signal to the display memory. In transparent 


and shared modes, provides an active low bus acknowledge 
(BACK) output which serves as a ready signal to the CPU in 
response to a processor bus request. In row buffer mode, 
this is an active high memory bus control (MBC) output 
which configures the system for the DMA transfer of one 
row of character codes from system memory to the row 
display buffer. 


DISPLAY ADDRESS (DADDO-DADD13) . 

These outputs are used by the AVDC to address up to 16K 
of display memory directly, or to 64K of memory by demulti- 
plexing DADD14 and DADD 15. These outputs are floated at 
various times depending on the buffer mode. Various control 
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signals are multiplexed on DADDO through DADD13 and are 
valid at the trailing edge of BLANK. The following para- 
graphs describes the control signals. 

LINE GRAPHICS (DADDO/LG) — This is the output 
which denotes bit-mapped graphics mode. 

DISPLAY ADDRESS 14 (DADD1/DADD14) — This is the 
multiplexed address bit used to extend addressing to 64K. 

DISPLAY ADDRESS 15 (DADD2/DADD15) — This is the 
multiplexed address bit used to extend addressing to 64K. 

LAST ROW (DADD3/LR) — This is the output which indi- 
cates the last active character row of each field. 

LINE ADDRESS (DADD4-DADD7/LA0-LA3) — These 
outputs provide the number of the current scan line count 
for each character row. 

FIRST LINE (DADD8/FL) — This output is asserted dur- 
ing the blanking interval just prior to the first scan line of 
each character row. 

DOUBLE WIDTH (DADD9/DW) — This output denotes a 
double width character row. 

UNDERLINE (DADD10/UL) — This output is asserted 
during the blanking interval just prior to the scan line which 
matches the programmed underline position (line O through 
15} 

BLINK FREQUENCY (DADD11/BLINK) — Blink fre 
quency provides an output divided down from the vertical 
sync rate. 

ODD FIELD (DADD12/ODD) — This active high signal is 
asserted before each scan line of the odd field when interlace 
is specified. Replaces DADD4/LAO as the least significant 
line address for interlaced sync and video applications. 

LAST LINE (DADD13/LL) — This output is asserted dur- 
ing the blanking interval just prior to the last scan line of each 
character row. 


Vcc AND GND 

Power is supplied to the AVDC using these two pins. VCC 
is the +5 volts +5% power input and GND is the ground 
connection. | 


FUNCTIONAL DESCRIPTION 


As shown in the block diagram, the AVDC contains the 
following major blocks: data bus buffer, interface logic, 
operation control, timing, display control, and buffer con- 


trol. The major blocks are described in the following 
paragraphs. 


DATA BUS BUFFER 


The data bus buffer provides the interface between the ex- 
ternal and internal data buses. It is controlled by the opera- 
tion control block to allow read and write operations to take 
place between the controlling CPU and the AVDC. - 


INTERFACE LOGIC 


The interface logic contains address decoding and read 
and write circuits to permit communications with the 
~-~-| 


microprocessor via the data buffer. The functions performed 
by the CPU read and write operations are shown in Table 1. 


OPERATION CONTROL 

The operation control section decodes configuration and 
operation commands from the CPU and generates ap- 
propriate signals to other internal sections to control the 
overall device operation. It contains the timing and display 
registers which configure the display format and operating 
mode, the interrupt logic, and the status register which pro- 
vides operational feedback to the CPU. 


TIMING 

The timing section contains the counters and decoding 
logic necessary to generate the monitor timing outputs and 
to control the display format. These timing parameters are 
selected by programming of the initialization registers. 


DISPLAY CONTROL 

The display control section generates linear addressing of 
up to 16K bytes of display memory. Internal comparators 
limit the portion of the memory which is displayed to pro- 
grammed values. Additional functions performed in this sec- 
tion include cursor positioning and address comparisons re- 
quired for generation of timing signals, double-height tops 
and bottoms, smooth scrolling, and the split-screen inter- 
rupts. 


BUFFER CONTROL 

The buffer control section generates three signals which 
control the transfer of data between the CPU and the display 
buffer memory. Four system configurations requiring four 


different ‘handshaking’ schemes are supported. These are 
described in SYSTEM CONFIGURATIONS. 


TABLE 1 — AVDC ADDRESSING 





Interrupt Register 
Status Register 









Pe TOE|E 





Read (R =0) Write (W =0) | 









Screen Start 1 Lower Register 
Screen Start 1 Upper Register 
Cursor Address Lower Register 
Cursor Address Upper Register 
Screen Start 2 Lower Register 
Screen Start 2 Upper Register 











Initialization Registers* 
Command Register 
Screen Start 1 Lower Register 
Screen Start 1 Upper Register 
Cursor Address Lower Register 
Cursor Address Upper Register 
Screen Start 2 Lower Register 
Screen Start 2 Upper Register 





* There are 15 initialization registers which are accessed sequentially via a single address. 
The AVDC maintains an internal pointer to these registers which is incremented after 
each write at this address until the last register (IR14) is accessed. The pointer then con- 
tinues to point to [R14 for additional accesses. Upon a power-on or a master reset com- 
mand, the internal pointer is reset to point to the first register (IRO) of the initialization 
register group. The internal pointer can also be preset to any register of the group via the 


‘load IR address pointer’ command. 
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SYSTEM CONFIGURATIONS | 


Figure 1 illustrates the block diagram of a typical display 
terminal that uses an MC2674, character ROM, a keyboard in- 
terface, and an attribute controller. In this system, the CPU 
examines inputs from the data communications line ‘and the 
keyboard and places the data to be displayed in the display 
buffer memory. This bufferis typically a RAM which holds the 
data for a single or multiple screenload (page) or for a single 
character row. 


The AVDC supports four common system configurations 
of display-buffer memory, designated the independent, 
transparent, shared, and row-buffer modes. The first three 
modes utilize a single or multiple page RAM and differ 
primarily in the means used to transfer display data between 
the RAM and the CPU. The row-buffer mode makes use of a 
single row buffer (which can be a shift register or a small 
RAM) that is updated in real time to contain the appropriate 
display data. 

The user programs IRO bits 0 and 1 select the mode best 
suited for the system environment. The CTRL1, CTRL2, and 
CTRL3 outputs perform different functions for each mode and 
are named accordingly in the description of each mode. 


INDEPENDENT MODE 


» The CPU-to-RAM interface configuration for this mode is 
illustrated in Figure 2. Transfer of data between the CPU and 
display memory is accomplished via a bidirectional latched 
port and is controlled by read data buffer (RDB), write data 
buffer (WDB), and buffer chip enable (BCE). This mode pro- 
vides a non-contention type of operation that does not re- 
quire address multiplexers. The CPU does not address the 
memory directly — the read or write operation is performed 
at the address contained in the cursor address register or the 
pointer address register as specified by the CPU. The AVDC 
enacts the data transfers during blanking intervals in order to 
prevent visual disturbances of the displayed data. 





The CPU manages the data transfers by supplying com- 
mands to the AVDC. The commands used are: 


1. Read/write at pointer address, 

2. Read/write at cursor address (with optional increment 
of address), and 

3. Write from cursor address to pointer address. 

The operational sequence for a write operation is: 

1. CPU checks RDFLG status bit to assure that any de- 
layed commands have been completed. 


2. CPU loads data to be written to display memory into the | 


interface latch. 
3. CPU writes address into cursor or pointer registers. 


4. CPU issues ‘‘write at cursor with/without increment” 
or “write at pointer’ command. 


5. AVDC generates control signals and outputs specified 


address to perform requested operation. Data is copied 
from the interface latch into the memory. 


6. AVDC sets RDFLG status to indicate that the write is 
completed. 


Similarly, a read operation proceeds as follows: 
1. Steps 1. and 3. as above. 


2: CPU issues ‘‘read at cursor with/without increment” 
‘read at pointer’ command. 


3. AVDC generates control signals and outputs specie 
address to perform requested operation. Data is copied 
from memory to the interface latch and AVDC sets 
RDFLG status to indicate that the read is completed. 


4. CPU checks RDFLG status to see if operation is com- 
pleted. 


5. CPU reads data from inteitads latch. 


Loading the same data into a block of display memory is 
accomplished via the ‘’write from cursor to pointer’’ com- 
mand: 


1. CPU checks RDFLG status bit to assure that any de- 
layed commands have been completed. 

2. CPU loads data to be written to display memory into the 
interface latch. 


3. CPL writes beginning address of memory block into 
_ Cursor address register and ending address of block into 
pointer address register. 


4. CPU issues ‘‘write from cursor to pointer’’ command. 


5. AVDC generates control signals and outputs block ad- 
dresses to copy data from the interface latch into the 
speciied block of memory. 


6. AVDC sets RDFLG status to indicate that the block 
write is completed. 


Similar Sequences can be implemented on an interrupt 
driven basis using the READY interrupt output to advise the 
CPU that a previously asserted delayed command has been 
completed. . . 

Two timing sequences are possible for the ‘‘read/write at 
cursor/pointer’’ commands. If the command is given during 
the active display window (defined as first scan line of the 
first character row to the last scan line of the last character 
row), the operation takes place during the next horizontal 
blanking interval, as illustrated in Figure 3. If the command is 
given during the vertical blanking interval, or while the 
display has been commanded blanked, the operation takes 
place immediately. In the latter case, the execution time for 
the command is approximately five character clocks (see 
Figure 4). 

Timing for the ‘‘write from cursor to pointer’ operation is 
shown in Figure 5. The memory is filled at a rate of one loca- 
tion per two character times. The command will execute only 
during blanking intervals and may require many horizontal or 
vertical blanking intervals to complete. Additional delayed 
commands can be asserted immediately after this command 
has completed. 

Immediately commands can be asserted at any time 
regardless of the state of the ready state/interrupt. 
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FIGURE 1 — CRT TERMINAL BLOCK DIAGRAM 
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FIGURE 2 — INDEPENDENT BUFFER MODE CONFIGURATION 
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FIGURE 3 — READ/WRITE AT CURSOR/POINTER COMMAND TIMING 
(Command Received During Active Display Window) 
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NOTES: 


1. Write waveforms shown in dotted lines. 

2. If command execution occurs just prior to the first scan line of a character row and row table addressing mode is enabled, 
execution of the command is delayed by two character clocks from the timing illustrated. — 

3. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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FIGURE 4 — READ/WRITE AT CURSOR/POINTER COMMAND TIMING 
(Command Received While Display Is Blanked) 


se 
i 
i 


AVDC Read Command 
Address 









DADD 
«q—_____ Refresh « 
Addresses 
DB 
DB 
BCE 


Address 






| AVDC Write Command 









Refresh 
Addresses 


NOTE: All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 


outputs. Input levels are 0.4 V to 2.4 V. 


SHARED AND TRANSPARENT BUFFER MODES 


In these modes, the display buffer RAM is a part of the 
CPU memory domain and is addressed directly by the CPU. 
Both modes use the same hardware configuration with the 
CPU accessing the display buffer via three-state drivers (see 
Figure 6). The processor bus request (PBREQ) control signal 
informs the AVDC that the CPU is requesting access to the 
display buffer. In response to this request, the AVDC raises 
bus acknowledge (BACK) until its bus external (BEXT) out- 
put has freed the display address and data buses for CPU ac- 
cess. BACK, which can be used as a “‘hold’”’ input to the 
CPU, is then lowered to indicate that the CPU can access the 
buffer. 

In transparent mode, the AVDC delays the granting of the 
buffer to the CPU until a vertical or horizontal blanking inter- 
val, thereby causing minimum disturbance of the display. In 
shared mode, the AVDC will blank the display and grant im- 
mediate access to the CPU. Timing for these modes is il- 
lustrated in Figures 7, 8, and 9. 











ROW BUFFER MODE 


Figures 10 and 11 show the timing and a typical hardware 
implementation for the row buffer mode. During the first 
scan line (line 0) of each character row, the AVDC halts the 
CPU and DMA's the next row of character data from the 
system memory to the row buffer memory. The AVDC then 
releases the CPU and displays the row buffer data for the 
programmed number of scan lines. The control signal BREQ 
informs the CPU that character addresses and the MBC 
signal will start at the next falling edge of BLANK. The CPU 
must release the address and data buses before this time to 
prevent bus contention. After the row of character data is 
transferred to the CPU, BREQ returns high to grant memory 
control back to the CPU. 








ROW TABLE ADDRESS MODE 


In this mode, each character row in the screen image 
memory has a unique starting address. This provides greater 
flexibility with respect to screen operations, such as editing, 
than the sequential addressing mode. The row table, Figure 
12, is a list of starting addresses for each character row and 
may reside anywhere in the AVDC’s addressable memory 
space. Each entry in the table consists of two bytes: the first 
byte contains the eight least significant bits of the row start- 
ing address and the second byte contains, in its six least 
significant bits, the six most significant bits of the row start- 
ing address. The function of the two most significant bits of 
the second byte is selected by programming |RO[7]. They 
may be used either as row attribute bits to control double 
width and double height for that character row, or as an ad- 
ditional two address bits to extend the usable display 
memory to 64K. 

The first address of the row table operation is designated 
in screen start register 2 (SSR2). If row table addressing is 
enabled via IR2[7], the AVDC fetches the next row’s starting 
address from the table during the blanking interval prior to 
the first scan line of each character row, while simul- 
taneously incrementing the contents of SSR2 by two so as 
to point to the next table entry. The fetching of the row start- 
ing address from the row table is indicated by the assertion 
of the CURSOR output during BLANK. The address read 
from the table by the AVDC is loaded into screen start 
register 1 (SSR1) for use internally. Since the contents of 
SSR2 changes as the table entries are fetched, it must be re- 
initialized to point to the first table entry during each vertical 
retrace interval. 

Row table addressing is intended primarily for use in con- 
junction with the row buffer mode of operation and requires 
no additional circuitry in that case. It may also be used with 
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FIGURE 5 — WRITE FROM CURSOR TO POINTER COMMAND TIMING 
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NOTE: 
If command execution occurs just prior to the first scan line of a character row and row table addressing mode is enabled, execution of the 


command is delayed by two character clocks from the timing illustrated. 
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FIGURE 6 — AVDC SHARED OR TRANSPARENT BUFFER MODES 
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FIGURE 7 — TRANSPARENT BUFFER MODE TIMING 
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NOTES: 


1. PBREQ must be asserted prior to the rising edge of BLANK in order for sequence to begin during that blanking period. 

2. If PBREQ is negated after the next to last CCLK of the horizontal blanking interval, the next scan line will also be blanked. 

3. Accesses during vertical blank or “display off” are granted only at the beginning of the horizontal front porch. 

4. If row table addressing is enabled, CPU access is delayed by two character clocks prior to the first scan line of each character 
row. 

5. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 
outputs. Input levels are 0.4 V to 2.4 V. 
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- FIGURE 8'~ SHARED BUFFER MODE TIMING 
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1. If PBREQ is negated after the next to last CCLK of the horizontal blanking interval, the next scan line will also be blanked. 
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 


outputs. Input levels are 0.4 V to 2.4 V. 


FIGURE 9 — SHARED AND TRANSPARENT MODE TIMING 
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a) During Vertical Blank or after ‘display off’ command in shared 
mode only. See Figure 7 for transparent timing. 


the other modes, but circuitry must be added to route the 
data from the display memory to the data bus inputs of the 
AVDC.: Additionally, when not operating in row buffer 
mode, care must be taken to assure that the CPU does not 
attempt to access the AVDC while it is reading the row table. 
One way of preventing this is to latch prior to reading or 
writing the AVDC. The AVDC should only be accessed if the 





latch is low, indicating that the last line of the row is not 


active. 

Figure 13 illustrates a typical hardware implementation for 
use in conjunction with independent and transparent modes, 
and Figure 14 shows the timing for row table operation. 





SANK System Processor Has Continuous Bus Control 


b) After ‘display off and 3-state’ command. 


OPERATION 


After power is applied, the AVDC will be in an inactive 
state. Two consecutive ‘master reset’’ commands are 
necessary to release this circuitry and ready the AVDC for 
operation. Two register groups exist within the ADC; the 
initialization registers and the display control registers. The 
initialization registers select the system configuration, 
monitor timing, cursor shape, display memory domain, 
pointer address, scrolling region, double height and width 
condition, and screen format. These are loaded first and nor- 
mally require no modification except for certain special visual 
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FIGURE 10 — ROW BUFFER MODE CONFIGURATION 
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FIGURE 11 — ROW BUFFER MODE TIMING 
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NOTES: 


1. If row table addressing is enabled, BREQ will be asserted at the middle of the last scan line of the prior row, and MBC will 
be asserted at the beginning of BLANK. 
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8 V to 2.0 V level for inputs and 


outputs. Input levels are 0.4 V to 2.4 V. 


MOTOROLA MICROPROCESSOR DATA 
3-45 


MC2674 


FIGURE 12 — ROW TABLE ADDRESS FORMAT. 
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FIGURE 13 — ROW TABLE MODE CONFIGURATION (NON-ROW BUFFER MODES) 
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FIGURE 14 — ROW TABLE MODE TIMING 
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effects. The display control registers specify the mem- 
ory address of the base character (upper left corner of 


screen), the cursor position, and the split screen ad- — 


dresses associated with the scrolling area or an alter- 
nate memory. These may require modification during 
operation. | 

After initial loading of the two register groups, the 
AVDC is ready to control the monitor screen. Prior to 
executing the AVDC commands which turn on the dis- 
play cursor, the user should load the display memory 
with the first data to be displayed. During operation, 
the AVDC will sequentially address the display memory 
within the limits programmed into its registers. The 
memory outputs character codes to the system char- 


acter and graphics generation logic, where they arecon- __ 


verted to the serial video stream necessary to display 
the data on the CRT. The user effects changes to the 
CRT. The user effects changes to the display by modi- 
fying the contents of the display memory, the AVDC 
display control and command registers, and the initial- 
ization registers, if required. Interrupts and status con- 


ditions generated by the AVDC supply the “handshaking” 
information necessary for the CPU to effect real time 
display changes in the proper time frame if required. 


INITIALIZATION REGISTERS 


There are 15 initialization registers (IRO-IR14) which 
are accessed sequentially via a single address. The AVDC 
maintains an internal pointer to these registers which 
is incremented after each write at this address until the 
last register (IR14) is accessed. The pointer then contin- 
ues to point to IR14 for further accesses. Upon a power- 
on or a master reset command, the internal pointer reset 
to point to the first register (IRO) of the initialization 
register group. The internal pointer can also be preset 
to any register of the group via the “load IR address 
pointer’’ command. These registers are write only and 
are used to specify parameters such as the system con- 
figuration, display format, cursor shape, and monitor 
timing. Register formats are shown in Figure 15. 


FIGURE 15 — INITIALIZATION REGISTER FORMATS (Sheet 1 of 4) 
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FIGURE 15 — INITIALIZATION REGISTER FORMATS (Sheet 2 of 4) 
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FIGURE 15 — INITIALIZATION REGISTER FORMATS (Sheet 3 of 4) 
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FIGURE 15 — INITIALIZATION REGISTER FORMATS (Sheet 4 of 4) 
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DOUBLE HEIGHT/WIDTH ENABLE (IRO[7]) — When this 
bit is set, the value in 1IR14[7:6] is used to control the double 
height and width conditions of each character row. Asser- 
tion of this bit also allows IR14[7:6] to be programmed in two 
ways: 

1. By the CP writing to IR14 directly. 


2. When the contents of screen start register 1 (SSR1) 
upper are changed, either by the CPU writing to this 
register or by the automatic loading of SSR1 when 
operating in row table mode, the two most significant 
bits of SSR1 upper are copied into 1R14[7:6]. Thus, the 
most significant bits of each row table entry can be us- 
ed to control double height and double width attributes 
on a row-by-row basis. 

1R14[5:4] are not active when this bit is set. When this bit 

is reset, the double height and width attributes operate as 
described in IR[14]. 


SCAN LINES PER CHARACTER ROW (IRO/[6:3]) — Both 
interlaced and non-interlaced scanning are supported by the 
AVDC. For interlaced mode, two different formats can be 
implemented, depending on the interconnection between 
the AVDC and the character generator (see IR1[7]). This field 
defines the number of scan lines used to compose a char- 
acter row for each technique. As scanning occurs, the scan 
line count is output on the LAO-LA3 and ODD pins. 

VSYNC/CSYNC (IRO[2]) — This bit selects either vertical 
sync pulses or composite sync pulses on the VSYNC/ 
CSYNC output (pin 18). The composite sync waveform con- 
forms to EIA RS170 standards, with the vertical interval com- 
posed of six equalizing pulses, six vertical sync pulses, and 
six more equalizing pulses. 

BUFFER MODE SELECT (iRO{1:0]) — Four buffer memory 
modes may be selectively enabled to accommodate the 
desired system configuration. See SYSTEM CONFIGURA- 
TIONS. 

INTERLACE ENABLE (IR1[7]) — Specifies interlaced or 
non-interlaced timing operation. Two modes of interlaced 
operation are available, depending on whether LO-L3 or 


01= Double Width 
10= Double Width 


11= Double Width 
and Bottoms 


0000 = 1 
0001 = 2 
e 
e 
1110=15 
1111=16 





ODD, LO-L2 are used as the line address for the character 
generator. The resulting displays are shown in Figure 16. 

For ‘‘interlaced sync’ operation, the same information is 
displayed in both odd and even fields, resulting in enhanced 
readability. The AVDC outputs successive line numbers in 
ascending order on the LAO-LA3 lines, one per scan line for 
each field. 

The “interlaced sync and video’ format doubles the char- 
acter density on the screen. The AVDC outputs successive 
line numbers in ascending order on’ the odd and LAO-LA2 
lines, one per scan line for each field. 


EQUALIZING CONSTANT (IR1[6:0]) — This field indirect- 
ly defines the horizontal front porch and is used internally to 
generate the equalizing pulses for the RS170 compatible 
CSYNC. The value for this field is the total number of 
character clocks (CCLKs) during a horizontal line period 
divided by two, minus two times the number of character 
clocks in the horizontal sync pulse: 


Hact+ Hep +Hsynct Hsp 
o) 


EC= —2 (HSYNC) 


The definition of the individual parameters is illustrated in Fig- 
ure 17. 

Note that when using the attributes controller it will delay 
the blank pulse three CCLKs relative to the HSYNC pulse. 


ROW TABLE MODE ENABLE (IR2[7]) — Assertion/nega- 
tion of this bit causes the AVDC to begin/terminate 
operating in row table mode starting at the next character 
row. See ROW TABLE ADDRESS MODE. By using the split 
interrupt capability of the AVDC, this mode can be enabled 
and disabled on a particular character row. This allows a 
combination of row table and sequential addressing to be 
utilized to provide maximum flexibility in generating the 
display. 

HORIZONTAL SYNC PULSE WIDTH (IR2([6:3]) — This 
field specifies the width of the HSYNC pulse in CCLK 
periods. 
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- FIGURE 16 — INTERLACED DISPLAY MODES > 
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HORIZONTAL BACK PORCH (IR2[2:0]) — This field 
defines the number of CCLKs between the trailing edge 
of HSYNC and the trailing edge of BLANK. 


VERTICAL FRONT PORCH (IR3[7:3]) — This field spec- 
ifies the number of scan line periods between the rising 
edges of BLANK and VSYNC during the vertical retrace 
interval. The vertical front porch is extended in incre- 
ments of scan lines if the ACLL input is low at the end 
of the programmed value. 


VERTICAL BACK PORCH (IR3[4:0])} — This field de- 
termines the number of scan line periods between the 
falling edges of the VSYNC and BLANK outputs. 


CHARACTER BLINK RATE (IR4[7]) — Specifies the fre- 
quency for the character blink attribute timing. The blink 
rate can be specified as 1/64 or 1/128 of the vertical field 
rate. The timing signal has a duty cycle of 50% and is 
multiplexed onto the DADD1/BLINK output at the falling 
edge of each BLANK. 
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Interlaced SYNC 
{RO= 1000; Total Lines/Row= 16 


interlaced SYNC and Video 
IRO=0100; Total Lines/Row= 10 


CHARACTER ROWS PER SCREEN (IR4[6:0]) — This 
field defines the number of character rows to be dis- 
played. The value multiplied by the scan lines per char- | 
acte row, plus the vertical front porch, the vertical back | 
porch values, and the vertical sync pulse width is the 
vertical scan period in scan lines. 


ACTIVE CHARACTERS PER ROW (IR5[7:0]) — This 
field determines the number of characters to be dis- 
played on each row of the CRT screen. The sum of this 
value, the horizontal front porch, the horizontal sync 
width, and the horizontl back porch is the horizontal 
scan period in CCLKs. - | 


FIRST AND LAST SCAN LINE OF CURSOR (IR6[7:4], 
IR6[3:0]) — These two field specify the height and po- 
sition of the cursor on the character block. The “first’’ 
line is the topmost line when scanning from the top to 
the bottom of the screen. 
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FIGURE 17 — HORIZONTAL AND VERTICAL TIMING 
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VERTICAL SYNC PULSE WIDTH (IR7[7:6]) — This field 
specifies the width of the VSYNC pulse in scan line periods. 


CURSOR BLINK ENABLE (IR7[5]) — This bit controls 
whether or not the cursor output pin will be blinked at the 
selected rate (IR7[4]). The blink duty cycle for the cursor is 
50%. 

CURSOR BLINK RATE (IR7[4]) — The cursor blink rate 
can be specified at 1/32 or 1/64 of the vertical scan frequen- 
cy. Blink is effective only if blink is enabled by IR7[5]. 


UNDERLINE POSITION (IR7[3:0]) — This field defines which 
scan line of the character row will be used for the underline 
attribute by the attributes controller. The timing signal is mul- 
tiplexed onto the DADD10/UL output during the falling edge 
of BLANK. 

DISPLAY BUFFER FIRST ADDRESS (IR9[3:0]), !R8[7:0] 
AND DISPLAY BUFFER LAST ADDRESS (IR9[7:4]) — 
These two fields define the area within the buffer memory 
where the display data will reside. When the data at the 
“display buffer last address” is displayed, the AVDC will 
wraparound and obtain the data to be displayed at the next 
screen position from the ‘‘display buffer first address’’. If 
‘last address’”’ is the end of a character row and a new 
screen start address has been loaded into the screen start 
register, or if ‘‘last address” is the last character position of 
the screen, the next data is obtained from the address con- 
tained in the screen start register. 

Note that there is no restriction in displaying data from 
other areas of the addressable memory. Normally, the area 


| aimee nti eereeeemmmamen 
ms LTT TET TI 


between these two bounds is used for data which can be 
overwritten (e.g., aS a result of scrolling), while data that is 
not to be overwritten would be contained outside these 
bounds and accessed by means of the automatic split screen 
or split screen interrupt features of the AVDC. 


DISPLAY POINTER ADDRESS LOWER (1IR10[7:0] AND 
DISPLAY POINTER ADDRESS UPPER (!IR11[5:0]) — These 
two fields define a buffer memory address for AVDC con- 
trolled accesses in response to ‘‘read/write at pointer’ com- 
mands. They also define the last buffer memory address to 
be written for the ‘write from cursor to pointer’’ command. 


SCAN LINE ZERO DURING SCROLL DOWN (1RZ11[7]) — 
This field specifies normal scan line count or all scan line zero 
counts for the new character row that occurs at the top of 
the scrolling area during soft scroll down operation. If the 
character generator provides blanks during scan line zero, 
this will cause the new row to be automatically blanked on 
the display. This feature can be used, if necessary, to blank 
the new row until the CPU places “blank data’’ into the 
display buffer. 


SCAN LINE ZERO DURING SCROLL UP (IR11[6]) — This 
field specifies normal scan line count or all scan line counts 
for the new character row that occurs at the bottom of the 
scrolling area during soft scroll up operation. 


SCROLL START (IR12[7]) — This bit is asserted when 
soft scroll is to take place. The scrolling area begins at the 
row specified in split register 1 (IR12(6:0]). If set, the first 


- MOTOROLA MICROPROCESSOR DATA 


3-53 


MC2674 





row to scroll scan line count will be reduced by the value in 4. The specified double width and height conditions (IR14) 
the lines to scroll register (1R14[3:0]). The scan line count of are also asserted in two possible ways: 
this row will start at the programmed offset value. When this a) Automatic split will assert the programmed condition 
bit is asserted, scroll end |R13[7] must be set before split ~ for the current row. 
register 2. i b) During soft scroll operation the programmed condi- 
SPLIT REGISTER 1 (1R12[6:0]) — Split register 1 can be ; tions are asserted for the partial row scrolling onto or 
used to provide special screen effects such as soft (scan line off the screen. 
by scan line) scrolling, double height/width rows, or to — 7 
change the normal addressing sequence of: the display — ~ DOUBLE 1 (IR14[7:6]) — This field specifies the condi- 
memory. The contents of this field is compared, in real time, tions (double width/height or normal) of the row designated 
to the current row number. Upon a match, the AVDC sets — in split register 1 (IR12[6:0]). When double height tops or 
the split screen 1 status bit, and issues an interrupt request if bottoms has been specified, the AVDC will automatically 
so programmed. The status change/interrupt request is . toggle between tops and bottoms until another split 1 or 2 
made at the beginning of the scan line zero of the split screen occurs which changes the double height/width condition. If 
character row. If enabled by the SPL1 bit of screen start a double height top row is specified, the scan line count will 
register 2, an automatic split screen to the address specified start at zero and increment the scan line every other scan 
in screen start register 2 will be made for the designated line. If a double height bottom row is specified, the AVDC 
character row. During a scroll operation, this field defines will start a one half the normal scan line total. If double width 
the first character row of the scrolling area. . is specified, the AVDC will assert the DADD9/DW output at 

SCROLL END (1R13[7]) — This field specifies that the row the falling edge of blank. This condition will also remain ac- 

programmed in split register 2 (IR13(6:0]) is to be the last _ tive until the next split 1 or 2. When IRO[/]=1, the values 
scrolling row of the scrolling area. Note that this bit must be written into bits 7 and 6 of screen start 1 upper will also be 
asserted for a valid row only when the scroll start bit 1R12[7] written into IR14{7:6] and the automatic toggling between 
is also asserted. ‘tops and bottoms is disabled. 

SPLIT REGISTER 2 (1IR13[6:0]) — This field is similar to DOUBLE 2 (1IR14[5:4]) — This field specifies the condi- 

the split register 1 field except for the following: tions (double width/height or normal) of the row designated 

1. Split screen 2 status bit is set. in split register 2 (IR13[6:0]). Not used with IRO[7] = 1. 

2. During a scroll operation, this field defines the last | LINES TO SCROLL (1R14[3:0]) — This field defines the 
character row of the scrolling area. This row will be > scan line increment to be used during a soft scroll operation. 
followed by a partial row. The LTSR (IR14) value - This value will only be used when scroll start (IR12[7]) and 
replaces the normal scan lines/row value for the partial scroll end (IR13[7]) are enabled. 
row, thus keeping the total scan lines/screen the same. 

3. If enabled by the SPL2 bit of screen start register 2, an TIMING CONSIDERATIONS | | | 
automatic split to the address contained in screen start Normally, the contents of the initialization registers are not 
register 2 will occur in one of two ways: changed during normal operation. However, this may be 
a) If not scrolling an automatic split will occur for the necessary to implement ‘special display features such as 

next character row. : multiple cursors and horizontal scrolling. Table 2 describes 
b) If scrolling, the automatic split will occur after the timing details for these registers which should be considered 


partial row being scrolled onto or off the screen. when implementing these features. 


- TABLE 2 — TIMING CONSIDERATIONS 


First Line of Cursor These parameters must be established at a minimum of two character times prior to their 
Last Line of Cursor occurrence. 
Underline Line 
Double Height Character Rows 
Double Width Character Row 
Rows to Scroll ; 
Cursor Blink 
Cursor Blink Rate 
Character Blink Rate 
Split Register 1 
Split Register 2 ‘ 
































Set/reset prior to the row specified in split 1 or 2 registers. 













New values become effective within one field after values are changed. 







Change anytime prior to line zero of desired row. 


Character Rows Per Screen Change only during vertical blanking period. 7 . . 
Vertical Front Porch . Change prior to first line of VFP. . . : 
Vertical Back Porch Change prior to four line after VSYNC. . . 


Screen Start Register1- Change prior to the horizontal blanking interval of the last line of character row before row where 
Row Table Mode Enable new value is to be used. 


Cae ee ee eee ne ee ee ee | 
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DISPLAY CONTROL REGISTERS 


There are seven registers in this group, each with an in- 
dividual address. Their formats are illustrated in Figure 18. 
The command register is used to invoke one of 19 possible 
AVDC commands as described in COMMANDS. The re- 
maining registers in the group store address values which 
specify the cursor location, the location of the first character 
to be be displayed on the screen, and any split screen ad- 
dress locations. The user initializes these registers after 
powering on the system and changes their values to control 
the data which is displayed. 


SCREEN START REGISTERS 1 AND 2 


The screen start 1 registers contain the address of the first 
character of the first row (upper left corner of the active 
display). At the beginning of the first scan line of the first 
row, this address is transferred to the row start register 
(RSR) and into the memory address counter (MAC). The 
counter is then advanced sequentially at the character clock 
rate for the number of times programmed into the active 
characters per row register (IR5), thus reaching the address 
of the last character of the row plus one. At the beginning of 
each subsequent scan line of the first row, the MAC is 
reloaded from the RSR and the above sequence is repeated. 
At the end of the last scan line of the first row, the contents 
of the MAC is loaded into the RSR to serve as the starting 
memory address for the second character row. This process 
is repeated for the programmed number of rows per screen. 
Thus, the data in the display memory is displayed sequen- 
tially starting from the address contained in the screen start 
register. After the ensuing vertical retrace interval, the entire 
process repeats again. 

During vertical blanking, the address counter operation is 
modified by stopping the automatic load of the contents of 
the RSR into the counter, thereby allowing the address out- 
puts to free-run. This allows dynamic memory refresh to oc- 
cur during the vertical retrace interval. The refresh address- 


ing starts at the last address displayed on the screen and in- 
crements by one for each character clock during the retrace 
interval. If the display buffer last address is encountered, 
refreshing continues from the display buffer first address. 

The sequential operation described above will be modified 
upon the occurrence of any of three events. First, if during 
the incrementing of the memory address counter the 
‘display buffer last address” (IR9[7:4]) is reached, the MAC 
will be loaded from the ‘display buffer first address’ register 
(IR9[3:0] and IR8[7:0]) at the next character clock. Sequen- 
tial operation will then resume starting from this address. 
This wraparound operation allows portions of the display 
buffer to be used for purposes other than storage of display- 
able data and is completely automatic without any CPU 
intervention (see Figure 19a). 

The sequential row to row addressing can also be modified 
via split register 1 (IR12) and split register 2 (1R13), under 
CPU control, or by enabling the row table addressing mode. 
If bit 6 of screen start register 2 upper (SPL1) is set, the 
screen Start register 2 contents will be loaded automatically 
into the RSR at the beginning of the first scan line of the row 
designated by split register 1 (1R12([6:0]). If bit 7 of screen 
start 2 upper (SPL2) is set, the screen start register 2 con- 
tents is automatically loaded into the RSR at the end of the 
last scan line of the row designated by split register 2 
(1R13[6:0]). SPL1 and SPL2 are write only bits and will read 
as zero when reading screen Start register 2. 

If the contents of screen start register 1 (upper, lower, or 
both) are changed during any character row (e.g., row ‘n’), 
the starting address of the next character row (row ‘n+ 1’) 
will be the new value of the screen start register and address- 
ing will continue sequentially from there. This allows fea- 
tures such as split screen operation, partial scroll, or status 
line display to be implemented. The split screen interrupt fea- 
ture of the AVDC is useful in controlling the CPU initiated 
operations. Note that in order to obtain the correct screen 
display, screen start register 1 must be reloaded with the 
original (origin of display) value prior to the end of the ver- 
tical retrace. See Figure 19b. 


FIGURE 18 — DISPLAY CONTROL REGISTER FORMATS (Sheet 1 of 2) 


Command Code 


See COMMANDS for Command Codes 





Command Registers (Write Only) 





| DADD15 DADD14 


7 6 5 4 3 2 | 0 





Most Significant Bits 
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FIGURE 18 — DISPLAY CONTROL REGISTER FORMATS (Sheet 2 of 2) 


Lower Register (Least Significant Bit) 
H‘0000' = 0 
H‘0001’ = 1 


‘Through . 
H'3SFFE’ = 16,382 
H'3FFF' = 16,383 


NOTES: 


NOTE: Most significant bits are in upper register [5:0] 





1. Bits 7 and 6 of upper register are not used in the cursor address register. 

2. Bits 7 and.6 of upper register are always zero when read by the CPU. 

3. When IRO[7]=1, the values written into bits 7 and 6 of screen start 1 upper will also be written into 
1R14[7:6] to control the double width and double height attributes of the display as follows: 


Attribute 


None 
Double Width Only 


=--O0|[N 
=O—=0 Im 


Double Width and Double Height Tops 
Double Width and Double Height Bottoms 


Screen Start 1 Register (Read and Write) and 
Cursor Address Registers (Read and Write) 


Most Significant Bits 


Lower Register (Least Significant Bit) 


H’0000’ = 0 
H‘0001' = 1 
Through 
H'SFFE’ = 16,382 
H'SFFF’ = 16,383 


NOTE: 


Bit 7 and bit 6 are always zero when read by the CPU. 





NOTE: Most significant bits are in upper register [5:0] 


on Start 2 Registers (Read and Write) 


When row table addressing mode is enabled, the first ad- 
dress of the row table is designated in SSR2. The AVDC 
fetches the next row’s starting address from the table during 
the blanking interval prior to the first scan line of each char- 
acter row and loads it into SSR1 for use as the starting ad- 


dress of the next row. Since the contents of SSR2 changes: 


as the table entries are fetched, it must be re-initialized to 
val. 

The values of the two most significant bits of SSRI upper 
are multiplexed onto the DADD1/DADD14 and DADD2/ 
DADD15 outputs during the falling edge of BLANK. If 
IRO[7]=0, these two bits act as memory page select bits 
which may be used to extend the display memory addressing 


point to the first table entry sunng each vertical retrace inter- 


range of the AVDC up to 64K. In that case, these two bits 
act as a two-bit counter which is incremented each time that 
‘wraparound’ occurs (see above). Note that the counter is 
incremented at the falling edge of BLANK and that for pro- 
per display operation the wraparound address should be pro- 
grammed to occur at the last character position of a row. 
Also, the first address accessed in the new page will be the 
address contained in the display buffer first address register 
(IRQ[3: 0] and IR8[7:0}). 


CURSOR ADDRESS REGISTERS 

The contents of these registers define the butter memory 
address of the cursor. The cursor output will be asserted 
when the memory address counter matches the value of the 
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FIGURE 19 — DISPLAY ADDRESSING OPERATION 
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Memory 
(b) Display Memory Split Screen With Wraparound 


cursor address registers for the scan lines specified in IR6. 
The cursor address registers can be read or written by the 
CPU or incremented via the ‘increment cursor address’’ 
command. In independent buffer mode, these registers 
define a buffer memory address for AVDC controlled access 
in response to ‘‘read/write at cursor with/without incre- 
ment’’ commands, or the first address to be used in 
executing the ‘’write from cursor to pointer’’ command. 


INTERRUPT/STATUS REGISTERS 


The interrupt and status registers provide information to 
the CPU to allow it to interact with the AVDC to effect 
desired changes that implement various display operations. 
The interrupt register provides information on five display 
operations. The interrupt register provides information on 
five possible interrupt conditions, as shown in Figure 20. 
These conditions can be selectively enabled or disabled 





+- Display Buffer End 


(masked) from causing interrupts by certain AVDC com- 
mands. An interrupt condition which is enabled (masked bit 
equal to one).will cause the INTR output to be asserted and 
will cause the corresponding bit in the interrupt register to be 
set upon the occurrence of the interrupting condition. An 
interrupt condition which is disabled (mask bit equal to zero) 
has no effect on either the INTR output or the interrupt 
register. 


The status register provides six bits of status information: 
the five possible interrupt conditions plus the RDFLG bit. For 
this register, however, the contents are not affected by the 
state of the mask bits. 

Descriptions of each interrupt/status register bit follow. 
Unless otherwise indicated, a bit, once set, will remain set 
until reset by the CPU by issuing a “reset interrupt/status 
bits’’ command. The bits are also reset by a ‘‘master reset’ 
command and upon power-up. 
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FIGURE 20 — INTERRUPT AND STATUS REGISTER FORMAT | 


5 4 












Not Used. O=No 


Always Read as 0 


O= Busy 
1= Ready 


RDFLG (I/SRI5]) — This bit is present in the status 
register only. A zero indicates that the AVDC is currently 
executing the previously issued delayed command. A one 
indicates that the AVDC is ready to accept a new delayed 
command. 

VBLANK (I/SRI4]) — Indicates the beginning of a vertical 
blanking interval. Set to one at the beginning of the first scan 
line of the vertical front porch. 

LINE ZERO (1/SR[3]) — Set to one at the beginning of the 
first scan line (line 0) of each active character row. 

SPLIT SCREEN 1 (1/SR[2]) — This bit is set when a match 
occurs between the current character row number and the 
value contained in split register 1, IR12(6:0]. The equality 
condition is only checked at the beginning of line zero of 
each character row. 

READY (1/SR[1]) — The delayed commands affect the 
display and may require the AVDC to wait for a blanking 
interval before enacting the command. This bit is set to one 


Line 
RDFLG VBLANK Split 1 Ready 


1=Yes 





: 3 2 fee 1 






0 


O=No 
1= Yes 


O0=-No 
1= Yes 


O=No 
1= Yes 


O= Busy 
1= Ready 


when execution of a delayed command has been completed. 
No other delayed command should be invoked until the prior 
‘delayed command is completed. 


SPLIT SCREEN 2 (I/SR[0]) — This bit is set when a match 
occurs between the current character row number and the 
value contained in split register 2 (IR13[6:0]). 


COMMANDS 


The AVDC commands are divided into two classes: the in- 
stantaneous commands which are executed immediately 
after they are invoked, and the delayed commands which 
may need to wait for a blanking interval prior to their execu- 

— tion. Command formats are shown in Table 3. The com- 
mands are asserted by performing a write operation to the 
command register with the appropriate bit pattern as the 
data byte. . 


TABLE 3 — AVDC COMMAND FORMATS 


Instantaneous Commands 


=o -00000000- 


0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 


= OO — - - - |= |= Oo OO 


o< vp earzoa=a 64.606 =-0 
Nr 22zz0aana->aa <0 
= rH ZwZe7~zZeaz7z7Zaan<o 


<OUW, Z2za0nkagago Se =a <Oo 


Master Reset 

Load IR Pointer with Value V (V=0 to 14) 
Disable Graphics 

Enable Graphics 

Display Off — Float DADD Bus if N=1 

Display On — Next Field (N=1) or Scan Line (N=0) 
Cursor Off 

Cursor On 

Reset Interrupt/Status: bit Reset where N=1 
Disable Interrupt: Disable where N=1 

Enable Interrupt: Enables Interrupts where N= 1 


Interrupt Bit 
Assignments 


Delayed Commands 


bgt ae geet ey Le oa eS 
COCO OO CC Oo 
a ee ee ae gy ee es 
~u—ooo0 00 oo 
ee ee eo on) 
=2=Oo0-0-00-—> 
o++o+00+0 


NOTES: 


*Any combination of these three commands is valid. 
d=Don't care. 


~~ «= 4a = OOo 0 





Read at Pointer Address 

.|Write at Pointer Address 
Increment Cursor Address 
Read at Cursor Address 
Write at Cursor Address 
Read at Cursor Address-and Increment Address 
Write at Cursor Address and Increment Address: 
Write from Cursor Address to Pointer Address 
Read from Cursor Address to Pointer Address 
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INSTANTANEOUS COMMANDS 


The instantaneous commands are executed immediately 
after the trailing edge of the write pulse during which the 
command is issued. These commands do not affect the state 
of the RDFLG or READY interrupt/status bits and can be in- 
voked at any time. 


MASTER RESET 


This command initializes the AVDC and can be invoked at 
any time to return the AVDC to its initial state. Upon power- 
up, two successive master reset commands must be applied 
to release the AVDC’s internal power-on circuits. In 
transparent and shared buffer modes, the CTRL1 input must 
be high when the command is issued. The command causes 
the following: 


1. VSYNC and HSYNC are driven low for the duration of 
the command and BLANK goes high. After command 
completion, HSYNC and VSYNC will begin operation 
and BLANK will remain high until a ‘‘display on’’ com- 
mand is received. 

. The interrupt and status bits and masks are set to zero, 
except for the RDFLG flag which is set to a one. 


. The row buffer mode, cursor-off, display-off, and line 
graphics disable states are set. 


4. The initialization register pointer is set to address IRO. 
5. IR2[7] is reset. | 


LOAD IR ADDRESS 


This command is used to preset the initialization register 
pointer with the value ‘‘V’’ defined by D3-D0. Allowable 
values are 0 to 14. 


ENABLE GRAPHICS 


After invoking this command, the AVDC will increment 
the MAC to the next consecutive memory address for each 
scan line even if more than one scan line per row is program- 
med. This mode can be used for bit-mapped graphics where 
each location in the display buffer within the defined area 
contains the bit pattern to be displayed. This command is 
row buffered and should be asserted during the character 
row prior to the row where this feature is required. This 
allows the user to enter and exit graphics mode on character 
row boundaries. 

To perform split screen operations while in graphics mode 
use SSR2 only. 

DADDO/LG is asserted during the trailing edge of BLANK 
for each scan line while this mode is active. 


DISABLE GRAPHICS 
Normal addressing resumes at the next row boundary. 


DISPLAY OFF 

Asserts the BLANK output. The DADDO thraugh DADD13 
display address bus outputs can be optionally placed in the 
three-state condition by setting bit 2 to a one when invoking 
the command. 


DISPLAY ON 


Restores normal blanking operation either at the beginning 
of the next field (bit 2=1) or at the beginning of the next 
scan line (bit 2=0). Also returns the DADDO-DADD13 
drivers to their active state. 


CURSOR OFF 


Disables cursor operation. Cursor output is placed in the 
low state. 


CURSOR ON 
Enables normal cursor operation. 


RESET INTERRUPT/STATUS BITS 

This command resets the designated bits in the interrupt 
and status registers. The bit positions correspond to the bit 
positions in the registers: 


Bit 0 — Split 2 
Bit 1 — Ready 
Bit 2 — Split 1 


Bit 3 — Line Zero 
Bit 4 — Vertical Blank 


DISABLE INTERRUPTS 


Sets the interrupt mask to zeros for the designated condi- 
tions, thus disabling these conditions from being set in the 
interrupt register and asserting the INTR output. Bit position 
correspondence is as above. 


ENABLE INTERRUPTS 


This command writes the associated interrupt mask bit to 
a one. This enables the corresponding conditions to be set in 
the interrupt register and asserts the INTR output. Bit posi- 
tion correspondence is as above. 


DELAYED COMMANDS 


This group of commands is utilized for the independent 
buffer mode of operation, although the ‘‘increment cursor” 
command can also be used in other modes. With the excep- 
tion of the ‘write from cursor to pointer’ and ‘increment 
cursor’’ commands, all the commands of this type will be 
executed immediately or will be delayed depending on when 
the command is invoked. If invoked during the active screen 
time, the command is executed at the next horizontal blank- 
ing interval. If invoked during a vertical retrace interval or a 
“display off state, the command is executed immediately. 

The “increment cursor’’ command is executed immedi- 
ately after it is issued and requires approximately three CCLK 
periods for completion. The ‘‘write from cursor to pointer’ 
command executes during blanking intervals. The AVDC will 
execute as many writes as possible during each blanking 
interval. If the command is not completed during the current 
blanking interval, the command will be held in suspension 
during the next active portion of the screen and continues 
during the next blanking interval until the command is 
completed. 





ORDERING INFORMATION (Vcc =5 V+5%, Ta =0°C to 70°C) 






Plastic 
P Suffix 





Package Type 


2.7 MHz 
4.0 MHz 





Order Number 


MC2674B3P 
MC2674B4P 
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PIN ASSIGNMENT 





R Vcc 
CE | A2 
Ww Al 
CTRL1 AO 
CTRL2 ACLL 
CTRL3 INTR 
CURSOR DADDO/LG | 
DADD1/ 
DO DADD14 
D1 DADD2/ 
DADD15 
D2 DADD3/LR 
D3 | DADD4/LAO 
D4 DADD5/LA1 
D5 DADD6/LA2 
D6 DADD7/LA3 
D7 DADD8/FL 
CCLK DADD9/DW 
BLANK DADD10/UL 
VSYNC/ DADD11/ 
on BABB 
12 
HSYNC aa 
GND DADD13/LL 
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8-Bit Microprocessing Unit (MPU) 


The MC6800 is a monolithic 8-bit microprocessor forming the central control function for Motorola’s 
M6800 Family. Compatible with TTL, the MC6800, as with all M6800 system parts, requires only one 
+ 5.0-volt power supply and no external TTL devices for bus interface. 

The MC6800 is capable of addressing 64K bytes of memory with its 16-bit address lines. The 8-bit data 
bus is bidirectional as well as three-state, making direct memory addressing and multiprocessing applica- 
tions realizable. 

@ 8-Bit Parallel Processing 
Bidirectional Data Bus 
16-Bit Address Bus — 64K Bytes of Addressing 
72 Instructions — Variable Length 


Seven Addressing Modes — Direct, Relative, Immediate, Indexed, Extended, Implied, and 
Accumulator 


Variable Length Stack 

Vectored Restart 

Maskable Interrupt Vector 

Separate Nonmaskable Interrupt — Internal Registers Saved in Stack 


Six Internal Registers — Two Accumulators, Index Register, Program Counter, Stack Pointer and 
Condition Code Register 


Direct Memory Addressing (DMA) and Multiple Processor Capability 
Simplified Clocking Characteristics 

Clock Rates as High as 2.0 MHz 

Simple Bus Interface without TTL 

Halt and Single Instruction Execution Capability 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS 


Symbol 
Supply Voltage Cee —0.3 to +7.0 
Input Voltage a + -0.3. to +7.0 


THERMAL RESISTANCE 






















Operating Temperature Range TL to TH 
MC6800, MC68A00, MC68B00, —0 to 70 
MC6800C, MC68A00C —40 to +85 







[Unit | 
— 
es 


°C 


Plastic Package JA 100 
Cerdip Package 60 








POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can be obtained from: _ 
TJ=TA+(PD * JA) | (1) 
where: 
TA = Ambient Temperature, °C 
BJA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = PINT + PPORT 
PINT =IccxVcc, Watts — Chip Internal Power 





PPORT = Port Power Dissipation, Watts — User Determined 

For most applications PPORT<P|NT and can be neglected. PPORT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if PPORT is neglected) is: 
Pp=K =(Ty +273°C) | | (2) 
Solving equations (1) and (2) for K gives: : 
K= Pp(Ta + 273°C) + 0ya*Pp2 (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at 
equilibrium) for a known Ta. Using this value of K, the values of Pp and Ty can be obtained by solving equations 
(1) and (2) iteratively for any value of Ta 


DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 Vdc, +5%, Vss=0, TA=T to TH unless otherwise noted) 





Oe ee 
Input High Voltage Logic VIH V sst + 2.0 
Input Low Voltage ree VIL VSS— 0.3 


Input Leakage Current 


(Vin =0 to 5.25 V, Vcc = Max) 
(Vin =0 to 5.25 V, Vcc=0 V to 5.25 V) 


| Unit _| 


Vsst08 
ySStts 










F 
OQ 
oO 









Output High Voltage 
(ILoad = — 205 #A, Vcc = Min) __D0-D7 
(ILoad = — 145 pA, Vcc = Min) A0-A15, R/W, VMA 










Hi-Z Input Leakage Current DO-D7 
| (Vin =0.4 to 2.4 V, Vcc = Max) A0-A15, R/W 





10 
100 


=P 
Sa 


(lLoad= — 100 2A, Vcc= Min) BA 
Output Low Voltage (I_oad= 1.6 mA, VCC = Min) | Vor | - | Vsst+0.4}  V 
Internal Power Dissipation (Measured at Ta =) Pint | - | Ww 





Capacitance 
(Vin =0, TA = 25°C, f= 1.0 MHz) 














Logic Inputs 
A0-A15, R/W, VMA 


pA 
pA 
V 
25 35 
45 70 pF 
10 12.5 
6.5 10 
pF 
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CLOCK TIMING (Vcc =5.0 V, +5%, Vss=0, Ta=TL to TH unless otherwise noted) 


Frequency of Operation 


Cycle Time (Figure 1) 


Clock Pulse Width ¢1, 2 — MC6800 
(Measured at Vcc — 0.6 V) $1, @2 — MC68A00 
$1, 62 — MC68B00 


Total ¢1 and @2 Up Time 


Rise and Fall Time (Measured between Vss +0.4 and Vcc — 0.6) 
Delay Time or Clock Separation (Figure 1) 

(Measured at Vovy=Vss+0.6 V@t;= ts 100 ns) 

(Measured at Voy=Vss+1.0 V@t,-=tfs35 ns) 








tor PWoH Le toy 


NOTES: 
1. Voltage levels shown are Vi <0.4, VH2=2.4 V, unless otherwise specified. 


2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted. 


READ/WRITE TIMING (Reference Figures 2 through 6, 8, 9, 11, 12 and 13) 


Address Delay 
C=90 pF 
C=30 pF 

Peripheral Read Access Time 
tacc = tut— (t(AD + tDSR! 


Output Data Hold Time 
Address Hold Time (Address, R/W, VMA) 


Enable High Time for DBE Input 


Processor Controls 
Processor Control Setup Time 
Processor Control Rise and Fall Time tPCr, tPCf 
Bus Available Delay tBA 
Hi-Z Enable tTSE 
Hi-Z Delay tTSD 
Data Bus Enable Down Time During ¢1 Up Time tDBE 
Data Bus Enable Rise and Fall Times tOBEr. tDBEf 
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FIGURE 2 — READ DATA FROM MEMORY OR PERIPHERALS | 


Start of Cycle 


yor 


VILC | , VILC 


—% ee | 


V 
as IHC 


7 a 
made aves = 7 
Fo ARRAN 

| a a aaa 0c 


ee NN : Ale 


tap tacc tosr 


Data . fs 
= <Q on > 


or Peripherais 


3 Date Not Valid 





FIGURE 3 — WRITE IN MEMORY OR PERIPHERALS 


ye Start of Cycle 





teyc 
$1 
VILC 
$2 
R/W 
Address 
From MPU 
CANAAN coe “AY 
VMA MSs | : XS 
taD 
. toBE tEH 
OBE : 
toBEf, toBeEr ty 
Data : — . 
From MPU SQN Data Valid \S 


NNN Data Not Valid 


NOTES: . 
1. Voltage levels shown are V;_<0.4, V}j22.4 V, unless otherwise specified. 


2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted. 
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FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY FIGURE 5 — TYPICAL READ/WRITE, VMA, AND ADDRESS 
versus CAPACITIVE LOADING (Tppw) OUTPUT DELAY versus CAPACITIVE LOADING (Tap) 


ow=wanmerty | | | 1. |] 


lot = 1.6 mA max @ 0.4 V 





ee De Oe a 
ae ey Fae Ps Fee a (a a 
ae i eS ee a 
[ae FR Cee ea = 
Pee ee eee z 
el = : 
eri Sas ee ees ee a ee 
a es es ee ee ee 
L includes stray capacitance 
, 0 100 mal 300 400 500 600 0 100 200 300 400 500 600 
CL, LOAD CAPACITANCE (pF) . Cy, LOAD CAPACITANCE (pF) 


FIGURE 6 — BUS TIMING TEST LOADS 


Vcc 





Rx~_ = 2.2 kd 
TEST CONDITIONS 

MMD6150 The dynamic test load for the Data Bus is 
or Equiv. 130 pF and one standard TTL load as shown. 
The Address, R/W, and VMA outputs are tested 
under two conditions to allow optimum opera- 
tion in both buffered and unbuffered systems. 
The resistor (R) is chosen to insure specified 
load currents during Voy measurement. 

Notice that the Data Bus lines, the Address 
lines, the Interrupt Request line, and the DBE 
line are all specified and tested to guarantee 
0.4 V of dynamic noise immunity at both 
“1"’ and “0” logic levels. 


Test Point 


MMD 7000 
or Equiv, 


— 


C = 130 pF for DO-D7,E 
= 90 pF for AO-A15, R/W, and VMA 
(Except tap?) 
= 30 pF for AO-A15, R/W, and VMA 
(tap2 only) 
= 30 pF for BA 
R= 11.7 kQ for DO-D7 
= 16.5 kM for AO-A15, R/W, and VMA 
= 24kQ2Q for BA 
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Clock, ¢1 

Clock, $2 

RESET 

Non-Maskable Interrupt 
HALT 

Interrupt Request 
Three-State Control 
Data Bus Enable 

Bus Available 

Valid Memory Address 


Read/Write, R/W 


Vcc=Pin 8 
Vss= Pins 1, 21 


Data 
Buffer 


MC6800 


FIGURE 7 — EXPANDED BLOCK DIAGRAM 


Aid Al4 A13 Ai2 All A10 AQ = AB 


Output x 
Buffers 


Program 
Counter 4 
Instruction 

Decode Stack 

and Pointer H 
Control 

Index 

Register H 





Instruction 
Register 


D7 D6 ODS D4 D3 D2 ODI DO 





A7 AB AB A4 ABS. A2 A’ AO 


Output 
Buffers 


Program 
Counter L 


Stack 
Pointer L 


Index 
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Accumulator 
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Condition 
Code 
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MPU SIGNAL DESCRIPTION 


Proper operation of the MPU requires that certain control 
and timing signals be provided to accomplish specific func- 
tions and that other signal lines be monitored to determine 
the state of the processor. 


Clocks Phase One and Phase Two (¢1, ¢2) — Two pins 
are used for a two-phase non-overlapping clock that runs at 
the Vcc voltage level. 

Figure 1 shows the microprocessor clocks. The high level 
is specified at VIHC and the low level is specified at VILC. 
The allowabie clock frequency is specified by f (frequency). 
The minimum #1 and $2 high level pulse widths are specified 
by PWgH (pulse width high time). To guarantee the required 
access time for the peripherals, the clock up time, tyt, Is 
specified. Clock separation, tg, is measured at a maximum 
voltage of Voy (overlap voltage). This allows for a multitude 
of clock variations at the system frequency rate. 


Address Bus (A0-A15) — Sixteen pins are used for the ad- 
dress bus. The outputs are three-state bus drivers capable of 
driving one standard TTL load and 90 pF. When the output is 
turned off, it is essentially an open circuit. This permits the 
MPU to be used in DMA applications. Putting TSC in its high 
state forces the Address bus to go into the three-state mode. 


Data Bus (DO-D7) — Eight pins are used for the data bus. 
It is bidirectional, transferring data to and from the memory 
and peripheral devices. It also has three-state output buffers 
capable of driving one standard TTL load and 130 pF. Data 
Bus is placed in the three-state mode when DBE is low. 


Data Bus Enable (DBE) — This level sensitive input is the 
three-state control signal for the MPU data bus and will 
enable the bus drivers when in the high state. This input is 
TTL compatible; however in normal operation, it would be 
driven by the phase two clock. During an MPU read cycle, 
the data bus drivers will be disabled internally. When it is 
desired that another device control the data bus, such as in 
Direct Memory Access (DMA) applications, DBE should be 
held low. 

If additional data setup or hold time is required on an MPU 
write, the DBE down time can be decreased, as shown in 
Figure 3 (DBE#@2). The minimum down time for DBE is 
tDBE as shown. By skewing DBE with respect to E, data 
setup or hold time can be increased. 


Bus Available (BA) — The Bus Available signal will nor- 
mally be in the low state; when activated, it will go to the 
high state indicating that the microprocessor has stopped 
and that the address bus is available. This will occur if the 
HALT line is in the low state or the processor is in the WAIT 
State as a result of the execution of a WAIT instruction. At 
such time, all three-state output drivers will go to their off 
state and other outputs to their normally inactive level. The 
processor is removed from the WAIT state by the occurrence 
of a maskable (mask bit |=0) or nonmaskable interrupt. This 
output is capable of driving one standard TTL load and 
30 pF. If TSC is in the high state, Bus Available will be low. 





Read/Write (R/W) — This TTL compatible output signals 
the peripherals and memory devices wether the MPU is in a 


Read (high) or Write (low) state. The normal standby state of 
this signal is Read (high). Three-State Control going high will 
turn Read/Write to the off (high impedance) state. Also, 
when the processor is halted, it will be in the off state. This 
output is capable of driving one standard TTL load and 
90 pF. 


RESET — The RESET input is used to reset and start the 
MPU from a power down condition resulting from a power 
failure or initial start-up of the processor. This level sensitive 
input can also be used to reinitialize the machine at any time 
after start-up. 

If a high level is detected in this input, this will signal the 
MPU to begin the reset sequence. During the reset se- 
quence, the contents of the last two locations (FFFE, FFFF) 
in memory will be loaded into the Program Counter to point 
to the beginning of the reset routine. During the reset 
routine, the interrupt mask bit is set and must be cleared 
under program control before the MPU can be interrupted by 
IRQ. While RESET is low (assuming a minimum of 8 clock 
cycles have occurred) the MPU output signals will be in the 
following states: VMA=low, BA=low, Data Bus= high im- 
pedance, R/W = high (read state), and the Address Bus will 
contain the reset address FFFE. Figure 8 illustrates a power 
up sequence using the RESET control line. After the power 
supply reaches 4.75 V, a minimum of eight clock cycles are 
required for the processor to stabilize in preparation for 
restarting. During these eight cycles, VMA will be in an in- 
determinate state so any devices that are enabled by VMA 
which could accept a false write during this time (such as 
battery-backed RAM) must be disabled until VMA is forced 
low after eight cycles. RESET can go high asynchronously 
with the system clock any time after the eighth cycle. 








RESET timing is shown in Figure 8. The maximum rise and 
fall transition times are specified by tpc, and tpc¢. If RESET 
is high at tpcs (processor control setup time), as shown in 
Figure 8, in any given cycle then the restart sequence will 
begin on the next cycle as shown. The RESET control line 
may also be used to reinitialize the MPU system at any time 
during its operation: This is accomplished by pulsing RESET 
low for the duration of a minimum of three complete 2 
cycles. The RESET pulse can be completely asynchronous 
with the MPU system clock and will be recognized during $2 
if setup time tpcs is met. 





Interrupt Request (IRQ) — This level sensitive input re- 
quests that an interrupt sequence be generated within the 
machine. The processor will wait until it completes the cur- 
rent instruction that is being executed before it recognizes 
the request. At that time, if the interrupt mask bit in the Con- 
dition Code Register is not set, the machine will begin an in- 
terrupt sequence. The Index Register, Program Counter, Ac- 
cumulators, and Condition Code Register are stored away on 
the stack. Next, the MPU will respond to the interrupt re- 
quest by setting the interrupt mask bit high so that no further 
interrupts may occur. At the end of the cycle, a 16-bit ad- 
dress will be loaded that points to a vectoring address which 
is located in memory locations FFF8 and FFF9. An address 
loaded at these locations causes the MPU to branch to an in- 
terrupt routine in memory. Interrupt timing is shown in 
Figure 9. 
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. FIGURE 8 — RESET TIMING 
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FIGURE 9 — INTERRUPT TIMING 
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The HALT line must be in the high state for interrupts to 
be serviced. Interrupts will be latched internally while HALT 
is low. 

The IRQ has a high-impedance pullup device internal to 
the chip; however, a 3 kQ external resistor to VCC should be 
used for wire-OR and optimum control of interrupts. 


Non-Maskable Interrupt (NMI) and Wait for Interrupt 
(WAI) — The MC6800 is capable of handling two types of in- 
terrupts: maskable (IRQ) as described earlier, and_non- 
maskable (NMI) which is an edge sensitive input. IRQ is 
maskable by the interrupt mask in the condition code register 
while NMI is not maskable. The handling of these interrupts 
by the MPU is the same except that each has its own vector 
address. The behavior of the MPU when interrupted is 
shown in Figure 9 which details the MPU response to an in- 
terrupt while the MPU is executing the control program. The 
interrupt shown could be either IRQ or NMI and can be asyn- 
chronous with respect to #2. The interrupt is shown going 
low at time tpcs in cycle #1 which precedes the first cycle of 
an instruction (OP code fetch). This instruction is not ex- 
ecuted but instead the Program Counter (PC), Index 
Register (IX), Accumulators (ACCX), and the Condition 
Code Register (CCR) are pushed onto the stack. 

The Interrupt Mask bit is set to prevent further interrupts. 
The address of the interrupt service routine is then fetched 
from FFFC, FFFD for an NMI interrupt and from FFF8, FFF9 
for an IRQ interrupt. Upon completion of the interrupt ser- 
vice routine, the execution of RT1 will pull the PC, IX, ACCX, 
and CCR off the stack; the Interrupt Mask bit is restored to 
its condition prior to Interrupts (see Figure 10). 

Figure 11 is a similar interrupt sequence, except in this 
case, a WAIT instruction has been executed in preparation 
for the interrupt. This technique speeds up the MPU’s 
response to the interrupt because the stacking of the PC, IX, 
ACCX, and the CCR is already done. While the MPU is 
waiting for the interrupt, Bus Available will go high in- 
dicating the following states of the control lines: VMA is low, 
and the Address Bus, R/W and Data Bus are all in the high 
impedance state. After the interrupt occurs, it is serviced as 
previously described. 

A 3-10 k@ external resistor to Vcc should be used for wire- 
OR and optimum control of interrupts. 


MEMORY MAP FOR INTERRUPT VECTORS 


Description 


[ws [is 


Reset 
Non-Maskable Interrupt 
Software Interrupt 
Interrupt Request 


Refer to Figure 10 for program flow for Interrupts. 





Three-State Control (TSC) — When the level sensitive 
Three-State Control (TSC) line is a logic ‘’1"’, the Address 
Bus and the R/W line are placed in a high-impedance state. 
VMA and BA are forced low when TSC="'1" to prevent 
false reads or writes on any device enabled by VMA. Kt is 
necessary to delay program execution while TSC is held 
high. This is done by insuring that no transitions of $1 (or $2) 
occur during this period. (Logic levels of the clocks are irrele- 
vant so long as they do not change). Since the MPU is a 
dynamic device, the ¢1 clock can be stopped for a maximum 


time PW without destroying data within the MPU. TSC 
then can be used in a short Direct Memory Access (DMA) 
application. 

Figure 12 shows the effect of TSC on the MPU. TSC must 
have its transitions at t7sE (three-state enable) while holding 
¢1 high and $2 low as shown.. The Address Bus and R/W 
line will reach the high-impedance state at tTSp (three-state 
delay), with VMA being forced low. In this example, the 
Data Bus is also in the high-impedance state while $2 is be- 
ing held low since DBE= @2. At this point in time, a DMA 
transfer could occur on cycles #3 and #4. When TSC is 
returned low, the MPU Address and R/W lines return to the 
bus. Because it is too late in cycle #5 to access memory, this 
cycle is dead and used for synchronization. Program execu- 
tion resumes in cycle #6. 


Valid Memory Address (VMA) — This output indicates to 
peripheral devices that there is a valid address on the address 
bus. In normal operation, this signal should be utilized for 
enabling peripheral interfaces such as the PIA and ACIA. 
This signal is not three-state. One standard TTL load and 
90 pF may be directly driven by this active high signal. 


HALT — When this level sensitive input is in the low state, 
all activity in the machine will be halted. This input is level 
sensitive. 

The HALT line provides an input to the MPU to allow con- 
trol of program execution by an outside source. If HALT is 
high, the MPU will execute the instructions; if it is low, the 
MPU will go to a halted or idle mode. A response signal, Bus 
Available (BA) provides an indication of the current MPU 
status. When BA is low, the MPU is in the process of ex- 
ecuting the control program; if BA is high, the MPU has 
halted and all internal activity has stopped. _ 

When BA is high, the Address Bus, Data Bus, and R/W 
line will be in a high-impedance state, effectively removing 
the MPU from the system bus. VMA is forced low so that the 
floating system bus will not activate any device on the bus 
that is enabled by VMA. 

While the MPU is halted, all program activity is stopped, 
and if either an NMI or IRQ interrupt occurs, it will be latched 
into the MPU and acted on as soon as the MPU is taken out 
of the halted mode. If a RESET command occurs while the 
MPU is halted, the following states occur: VMA=low, 
BA=low, Data Bus=high impedance, R/W=high (read 
state), and the Address Bus will contain address FFFE as 
long as RESET is low. As soon as the RESET line goes high, 
the MPU will go to locations FFFE and FFFF for the address 
of the reset routine. 

Figure 13 shows the timing relationships involved when 
halting the MPU. The instruction illustrated is a one byte, 2 
cycle instruction such as CLRA. When HALT goes low, the 
MPU will halt after completing execution of the current in- 
struction. The transition of HALT must occur tpcs before 
the trailing edge of #1 of the last cycle of an instruction 
(point A of Figure 13). HALT must not go low any time later 
than the minmum tpcs specified. 

The fetch of the OP code by the MPU is the first cycle of 
the instruction. If HALT had not been low at Point A but 
went low during $2 of that cycle, the MPU would have 
halted after completion of the following instruction. BA will 
go high by time tga (bus available delay time) after the last 
instruction cycle. At this point in time, VMA is low and R/W, 
Address Bus, and the Data Bus are in the high-impedance 
state. 


MOTOROLA MICROPROCESSOR DATA 


3-69 








MC6800 


To debug programs it is advantageous to step through 
programs instruction by instruction. To do this, HALT must 
be brought high for one MPU cycle and then returned low as 
shown at point B of Figure 13. Again, the transitions of 
HALT must occur tpcs before the trailing edge of ¢1. BA 
will go low at tga after the leading edge of the next $1, in- 
dicating that the Address Bus, Data Bus, VMA and R/W 


lines are back on the bus. A single byte, 2 cycle instruction 
such as LSR is used for this example also. During the first cy- 
cle, the instruction Y is fetched from address M+1. BA 
returns high at tga on the last cycle of the instruction in- 
dicating the MPU is off the bus. If instruction Y had been 
three cycles, the width of the BA low time would have been 
increased by one cycle. 


FIGURE 10 — MPU FLOWCHART 
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’ Notes: . 


1. Reset is recognized at any position in the flowchart. 

2. Instructions which affect the I-Bit act upon a one-bit buffer register, 
“ITMP.” This has the effect of delaying any CLEARING of the |-Bit one 
clock time. Setting the I-Bit, however, is not delayed. 


3. See Tables 6-11 for details of Instruction Execution. 
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FIGURE 11 — WAIT INSTRUCTION TIMING 
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FIGURE 13 — HALT AND SINGLE INSTRUCTION EXECUTION FOR SYSTEM DEBUG 
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MPU REGISTERS 


The MPU has three 16-bit registers and three 8-bit 
registers available for use by the programmer (Figure 14). 


Program Counter — The program counter is a two byte 
(16 bits) register that points to the current program address. 


Stack Pointer — The stack ponter is a two byte register 
that contains the address of the next available location in an 
external push-down/pop-up stack. This stack is normally a 
random access Read/Write memory that may have any loca- 
tion (address) that is convenient. In those applications that 
require storage of information in the stack when power is 
lost, the stack must be nonvolatile. . 


Index Register — The index register is a two byte register 
that is used to store data or a sixteen bit memory address for 
the Indexed mode of memory addressing. 


Accumulators -- The MPU contains two 8-bit ac- 
cumulators that are used to hold operands and results from 
an arithmetic logic unit (ALU). 


Condition Code Register — The condition code register in- 
dicates the results of an Arithmetic Logic Unit operation: 
Negative (N), Zero (Z), Overflow (V), Carry from bit 7 (C), 
and half carry from bit 3 (H). These bits of the Condition 
Code Register are used as testable conditions for the condi- 
tional branch instructions. Bit 4 is the interrupt mask bit (I). 
The unused bits of the Condition Code Register (b6 and b7) 
are ones. 


FIGURE 14 — PROGRAMMING MODEL OF 
THE MICROPROCESSING UNIT 
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MPU INSTRUCTION SET 


The MC6800 instructions are described in detail in the 
M6800 Programming Manual. This Section will provide a 
brief introduction and discuss their use in developing 
MCé6800 control programs. The MC6800 has a set of 72 dif- 
ferent executable source instructions. Included are binary 
and decimal arithmetic, logical, shift, rotate, load, store, 
conditional or unconditional branch, interrupt and stack 
manipulation instructions. 

Each of the 72 executable instructions of the source 
language assembles into 1 to 3 bytes of machine code. The 
number of bytes depends on the particular instruction and 
on the addressing mode. (The addressing modes which are 
available for use with the various executive instructions are 
discussed later.) 

The coding of the first (or only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 72 
instructions in all valid modes of addressing, are shown in 
Table 1. There are 197 valid machine codes, 59 of the 256 
possible codes being unassigned. 


When an instruction translates into two or three bytes of 
code, the second byte, or the second and third bytes con- 
tain(s) an operand, an address, or information from which an 
address is obtained during execution. 

Microprocessor instructions are often divided into three 
general classifications: (1) memory reference, so called 
because they operate on specific memory locations; (2) 
operating instructions that function without needing a 
memory reference; (3) I/O instructions for transferring data 
between the microprocessor and peripheral devices. 

In many instances, the MC6800 performs the same opera- 
tion on both its internal accumulators and the external 
memory locations. In addition, the MC6800 interface 
adapters (PIA and ACIA) allow the MPU to treat peripheral 
devices exactly like other memory locations, hence, no |/O 
instructions as such are required. Because of these features, 
other classifications are more suitable for introducing the 
MC6800's instruction set: (1) Accumulator and memory 
operations; (2) Program control operations; (3) Condition 
Code Register operations. 


TABLE 1 — HEXADECIMAL VALUES OF MACHINE CODES 
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TABLE 2 — ACCUMULATOR AND MEMORY OPERATIONS 


| immed | DIRECT 


OPERATIONS 
Add 


MNEMONIC 
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Add Acmitrs 
Add with Carry 


And 
Bit Test 


Clear 


Compare 
Compare Acmitrs 
Complement, 1's 
Complement, 2's 
(Negate) 


Decimal Adjust, A 


Decrement 


Exclusive OR 


Increment 


Load Acmitr 
Or, Inclusive 
Push Data 
Pull Data 


Rotate Left 

Rotate Right 

Shift Left, Arithmetic 
Shift Right, Arithmetic 
Shift Right, Logic 


Store Acmitr. 
Subtract 


Subtract Acmitrs. 
Subtr. with Carry 


Transfer Acmltrs 


Test, Zero or Minus 


LEGEND: 


OP Operation Code (Hexadecimal); 
Number of MPU Cycles; 
Number of Program Bytes; 
Arithmetic Plus; 
Arithmetic Minus; 
Boolean AND; 
sp Contents of memory tocation pointed to be Stack Pointer; 


t + te 2 


= 


+ Boolean Inclusive OR; 
® Boolean Exclusive OR; 
M Complement of M; 

=> Transfer Into; 

0 Bit = Zero; 

00 = Byte = Zero; 
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ADDRESSING MODES 
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3. 21AB 5 BB 4 
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A4 B4 

E4 F4 

A5 B5 
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CONDITION CODE SYMBOLS: 
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Interrupt mask 

Negative (sign bit) 

Zero (byte) 

Overflow, 2’s complement 

Carry from bit 7 

Reset Always 

Set Always 

Test and set if true, cleared otherwise 
Not Affected 


Note — Accumulator addressing mode instructions are included in the column for IMPLIED addressing 


| inoex | extno | impuieo 


PZEwrpwmnprprrrrnpwrnprezarTypezerrseFrPpseVrrse 


BOOLEAN/ARITHMETIC OPERATION 


’ (All register labels 
refer to contents) 
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CONDITION CODE REGISTER NOTES: 
(Bit set if test is true and cleared otherwise) 
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(Bit V) Test: Result = 10000000? 
(BitC) Test: Result = 00000000? 
(Bit C) Test: Decimal value of most significant BCD 
Character greater than nine? 
(Not cleared if previously set.) 
(Bit V) Test: Operand = 10000000 prior to execution? 
(Bit V) Test: Operand = 01111111 prior to execution? 
(Bit V) 
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PROGRAM CONTROL OPERATIONS 


Program Control operation can be subdivided into two 
categories: (1) Index Register/Stack Pointer instructions; (2) 
Jump and Branch operations. 


Index Register/Stack Pointer Operations 


The instructions for direct operation on the MPU’s Index 
Register and Stack Pointer are summarized in Table 3. 
Decrement (DEX, DES), increment (INX, INS), load (LDX, 
LDS), and store (STX, STS) instructions are provided for 
both. The Compare instruction, CPX, can be used to com- 
pare the Index Register to a 16-bit value and update the Con- 
dition Code Register accordingly. 

The TSX instruction causes the Index Register to be load- 
ed with the address of the last data byte put onto the 
“stack.’’ The TXS instruction loads the Stack Pointer with a 
value equal to one less than the current contents of the Index 
Register. This causes the next byte to be pulled from the 
“stack’’ to come from the location indicated by the Index 
Register. The utility of these two instructions can be clarified 
by describing the ‘‘’stack’’ concept relative to the M6800 
system. 

The ‘‘stack’’ can be thought of as a sequential list of data 
stored in the MPU’s read/write memory. The Stack Pointer 
contains a 16-bit memory address that is used to access the 
list from one end on a last-in-first-out (LIFO) basis in contrast 
to the random access mode used by the MPU’s other ad- 
dressing modes. 

The MC6800 instruction set and interrupt structure allow 
extensive use of the stack concept for efficient handling of 
data movement, subroutines and interrupts. The instructions 
can be used to establish one or more ‘‘stacks’’ anywhere in 
read/write memory. Stack length is limited only by the 
amount of memory that is made available. 

Operation of the Stack Pointer with the Push and Pull in- 
structions is illustrated in Figures 15 and 16. The Push in- 
struction (PSHA) causes the contents of the indicated ac- 
cumulator (A in this example) to be stored in memory at the 
location indicated by the Stack Pointer. The Stack Pointer is 
automatically decremented by one following the storage 
operation and is ‘‘pointing’’ to the next empty stack location. 
The Pull instruction (PULA or PULB) causes the last byte 
stacked to be loaded into the appropriate accumulator. The 


Stack Pointer is automatically incremented by one just prior 
to the data transfer so that it will point to the last byte stack- 
ed rather than the next empty location. Note that the PULL 
instruction does not “remove” the data from memory; in the 
example, 1A is still in location (m+ 1) following execution of 
PULA. A subsequent PUSH instruction would overwrite that 
location with the new ‘‘pushed” data. 

Execution of the Branch to Subroutine (BSR) and Jump to 
Subroutine (JSR) instructions cause a return address to be 
saved on the stack as shown in Figures 18 through 20. The 
stack is decremented after each byte of the return address is 
pushed onto the stack. For both of these instructions, the 
return address is the memory location following the bytes of 
code that correspond to the BSR and JSR instruction. The 
code required for BSR or JSR may be either two or three 
bytes, depending on whether the JSR is in the indexed (two 
bytes) or the extended (three bytes) addressing mode. 
Before it is stacked, the Program Counter is automatically in- 
cremented the correct number of times to be pointing at the 
location of the next instruction. The Return from Subroutine 
Instruction, RTS, causes the return address to be retrieved 
and loaded into the Program Counter as shown in Figure 21. 

There are several operations that cause the status of the 
MPU to be saved on the stack. The Software Interrupt (SWI) 
and Wait for Interrupt (WAI) instructions as well as the 
maskable (IRQ) and non-maskable (NMI) hardware inter- 
rupts all cause the MPU’s internal registers (except for the 
Stack Pointer itself) to be stacked as shown in Figure 23. 
MPU status is restored by the Return from Interrupt, RTI, as 
shown in Figure 22. 


Jump and Branch Operation 


The Jump and Branch instructions are summarized in 
Table 4. These instructions are used to control the transfer or 
operation from one point to another in the contro! program. 

The No Operation instruction, NOP, while included here, 
is a jump operation in a very limited sense. Its only effect is to 
increment the Program Counter by one. It is useful during 
program development as a ‘‘stand-in’’ for some other in- 
struction that is to be determined during debug. It is also us- 
ed for equalizing the execution time through alternate paths 
in a control program. 


TABLE 3 — INDEX REGISTER AND STACK POINTER INSTRUCTIONS 























POINTER OPERATIONS 


Compare Index Reg 
Decrement Index Reg 
Decrement Stack Pntr 
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Increment Stack Pntr 
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Store Index Reg 

Store Stack Pntr 

Indx Reg — Stack Pntr 
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8 (Bit V) Test: 2’s complement overflow from subtraction of ms bytes? 
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FIGURE 15 — STACK OPERATION, PUSH INSTRUCTION 
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FIGURE 16 — STACK OPERATION, PULL INSTRUCTION 
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TABLE 4 — JUMP AND BRANCH INSTRUCTIONS 
COND. CODE REG. 


revarive [woex | _exrwo 
OPERATIONS 
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Branch Always 

Branch If Carry Clear 24 
Branch If Carry Set 

Branch If = Zera 

Branch If > Zero 

Branch If > Zero 

Branch If Higher 

Branch If < Zero 

Branch If Lower Or Same 

Branch If < Zero 

Branch If Minus | 
Branch If Not Equal Zero 

Branch If Overflow Clear 

Branch If Overflow Set 

Branch If Plus 

Branch To Subroutine 

Jump 4} 2] 7E 
Jump To Subroutine 8 | 2) BD 
No Operation 

Return From Interrupt 

Return From Subroutine 

Software Interrupt 

Wait for Interrupt * 


*WAI puts Address Bus, R/W, and Data Bus in the three-state mode while VMA is held low. 
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@ (All) Load Condition Code Register from Stack. (See Special Operations) 
@ (Bit 1) Set when interrupt occurs. If previously set, a Non-Maskable Interrupt 


is required to exit the wait state. 


Execution of the Jump Instruction, JMP, and Branch 
Always, BRA, affects program flow as shown in Figure 17. 
When the MPU encounters the Jump (Indexed) instruction, 
it adds the offset to the value in the Index Register and uses 
the result as the address of the next instruction to be ex- 
ecuted. In the extended addressing mode, the address of the 
next instruction to be executed is fetched from the two loca- 
tions immediately following the JMP instruction. The Branch 
Always (BRA) instruction is similar to the JMP (extended) in- 
struction except that the relative addressing mode applies 
and the branch is limited to the range within — 125 or + 127 
bytes of the branch instruction itself. The opcode for the 
BRA instruction requires one less byte than JMP (extended) 
but takes one more cycle to execute. 

The effect on program flow for the Jump to Subroutine 
(JSR) and Branch to Subroutine (BSR) is shown in Figures 
18 through 20. Note that the Program Counter is properly in- 
cremented to be pointing at the correct return address 
before it is stacked. Operation of the Branch to Subroutine 
and Jump to Subroutine (extended) instruction is similar ex- 
cept for the range. The BSR instruction requires less opcode 
than JSR (2 bytes versus 3 bytes) and also executes one cy- 


cle faster than JSR. The Return from Subroutine, RTS, is 
used as the end of a subroutine to return to the main pro- 
gram as indicated in Figure 21. 

The effect of executing the Software Interrupt, SWI, and 
the Wait for Interrupt, WAI, and their relationship to the 
hardware interrupts is shown in Figure 22. SWI causes the 
MPU contents to be stacked and then fetches the starting 
address of the interrupt routine from the memory locations 
that respond to the addresses FFFA and FFFB. Note that as 
in the case of the subroutine instructions, the Program 
Counter is incremented to point at the correct return address 
before being stacked. The Return from Interrupt instruction, 
RTI, (Figure 22) is used at the end of an interrupt routine to 
restore control to the main program. The SWI instruction is 
useful for inserting break points in the control program, that 
is, it can be used to stop operation and put the MPU 
registers in memory where they can be examined. The WAI 
instruction is used to decrease the time required to service a 
hardware interrupt; it stacks the MPU contents and then 
waits for the interrupt to occur, effectively removing the 
stacking time from a hardware interrupt sequence. 


FIGURE 17 — PROGRAM FLOW FOR JUMP AND BRANCH INSTRUCTIONS 
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‘FIGURE 18 — PROGRAM FLOW FOR BSR 
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FIGURE 21 — PROGRAM FLOW FOR RTS 
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FIGURE 22 — PROGRAM FLOW FOR RTI 
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FIGURE 23 — PROGRAM FLOW FOR INTERRUPTS 
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FIGURE 24 — CONDITIONAL BRANCH INSTRUCTIONS 


BMI : N=1 ; BEQ : Z=1 
BPL : N=¢ ; BNE : Z=¢ 
BVC : V=¢; BCC : C=¢; 
BVS : V=1; BCS : c=1 
BHI : C+Z=¢@ ; BLT : N@V= 
BLS : C+Z2=1 ; BGE : N@®V=¢ 

BLE : Z+(N®V)=1 ; 

BGT : Z+(N@®V)=¢ ; 


The conditional branch instructions, Figure 24, consists of 
seven pairs of complementary instructions. They are used to 
test the results of the preceding operation and either con- 
tinue with the next instruction in sequence (test fails) or 
cause a branch to another point in the program (test suc- 
ceeds). 

Four of the pairs are used for simple tests of status bits N, 
Z, V, and C: 

1. Branch on Minus (BMI) and Branch On Plus (BPL) tests 
the sign bit, N, to determine if the previous result was 
negative or positive, respectively. 

2. Branch On Equal (BEQ) and Branch On Not Equal 
(BNE) are used to test the zero status bit, Z, to determine 
whether or not the result of the previous operation was equal 
to zero. These two instructions are useful following a Com- 
pare (CMP) instruction to test for equality between an ac- 
cumulator and the operand. They are also used following the 
Bit Test (BIT) to determine whether or not the same bit posi- 
tions are set in an accumulator and the operand. 

3. Branch On Overflow Clear (BVC) and Branch On 
Overflow Set (BVS) tests the state of the V bit to determine 
if the previous operation caused an arithmetic overflow. 

4. Branch On Carry Clear (BCC) and Branch On Carry Set 
(BCS) tests the state of the C bit to determine if the previous 
operation caused a carry to occur. BCC and BCS are useful 


for testing relative magnitude when the values being tested 
are regarded as unsigned binary numbers, that is, the values 
are in the range 00 (lowest) to FF (highest). BCC following a 
comparison (CMP) will cause a branch if the (unsigned) 
value in the accumulator is higher than or the same as the 
value of the operand. Conversely, BCS will cause a branch if 
the accumulator value is lower than the operand. 

The fifth complementary pair, Branch On Higher (BHI) and 
Branch On Lower or Same (BLS) are, in a sense, com- 
plements to BCC and BCS. BHI tests for both C and Z=0; if 
used following a CMP, it will cause a branch if the value in 
the accumulator is higher than the operand. Conversely, 
BLS will cause a branch if the unsigned binary value in the 
accumulator is lower than or the same as the operand. 

The remaining two pairs are useful in testing results of 
operations in which the values are regarded as signed two's 
complement numbers. This differs from the unsigned binary 
case in the following sense: in unsigned, the orientation is 
higher or lower; in signed two’s complement, the com- 
parison is between larger or smaller where the range of 
values is between — 128 and + 127. 

Branch On Less Than Zero (BLT) and Branch On Greater 
Than Or Equal Zero (BGE) test the status bits for NeV=1 
and Ne V=0, respectively. BLT will always cause a branch 
following an operation in which two negative numbers were 
added. In addition, it will cause a branch following a CMP in 
which the value in the accumulator was negative and the 
operand was positive. BLT will never cause a branch follow- 
ing a CMP in which the accumulator value was positive and 
the operand negative. BGE, the complement to BLT, will 
cause.a branch following operations in which two positive 
values were added or in which the result was zero. 

The last pair, Branch On Less Than Or Equal Zero (BLE) 
and Branch On Greater Than Zero (BGT) test the status bits 
for Z@(N+V)=1 and Z@(N+V)=0, respectively. The ac- 
tion of BLE is identical to that for BLT except that a branch 
will also occur if the result of the previous result was zero. 
Conversely, BGT is similar to BGE except that no branch will 
occur following a zero result. 


CONDITION CODE REGISTER 
OPERATIONS 


The Condition Code Register (CCR) is a 6-bit register 
within the MPU that is useful in controlling program flow 
during system operation. The bits are defined in Figure 25. 

The instructions shown in Table 5 are available to the user 
for direct manipulation of the CCR. 

A CLI-WAI instruction sequence operated properly, with 
early MC6800 processors, only if the preceding instruction 
was odd (Least Significant Bit= 1). Similarly it was advisable 


to precede any SEl instruction with an odd opcode — such 
as NOP. These precautions are not necessary for MC6800 
processors indicating manufacture in November 1977 or 
later. 

Systems which require an interrupt window to be opened 
under program control should use a CLI-NOP-SEl sequence 
rather than CLI-SEl. 
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FIGURE 25 — CONDITION CODE REGISTER BIT DEFINITION 


bs bg bz bo by bg 


Hiya zivie! 


Half-carry; set whenever a carry from b3 to bg of the result is generated 
by ADD, ABA, ADC; cleared if no b3 to bq carry; not affected by other 
instructions. 


Interrupt Mask; set by hardware or software interrupt or SE! instruction; 
cleared by CLI instruction. (Normally not used in arithmetic operations.) 
Restored to a zero as a result of an RT1 instruction if Ip, stored on the 





stacked is low. 


cleared otherwise. 


result; cleared otherwise. 


Negative; set if high order bit (b7) of result is set; cleared otherwise. 
Zero; set if result = 0; cleared otherwise. 


Overiow; set if there was arithmetic overflow as a result of the operation: 


Carry; set if there was a carry from the most significant bit (b7) of the 


TABLE 5 — CONDITION CODE REGISTER INSTRUCTIONS 


OPERATIONS 


Clear Carry 
Clear Interrupt Mask 
Clear Overflow 


MNEMONIC 


Set Carry 

Set Interrupt Mask 
Set Overflow 
Acmitr A> CCR 
CCR Acmitr A 


R = Reset 
S = Set 
@® = Not affected 


COND. CODE REG. 





@ (ALL) Set according to the contents of Accumulator A. 


ADDRESSING MODES. 


The MPU operates on 8-bit binary numbers presented 
to it via the data bus. A given number (byte) may rep- 
resent either data or an instruction to be executed, de- 
pending on where it is encountered in the control program. 
The M6800 has 72 unique instructions; however, it rec- 
ognizes and takes action on 197 of the 256 possibilities 
that can occur using an 8-bit word length. This larger 
number of instructions results from the fact that many of 
the executive instructions have more than one address- 
ing mode. 

These addressing modes refer to the manner in which 
the program causes the MPU to obtain its instructions 
and data. The programmer must have a method for ad- 
dressing the MPU’s internal registers and all of the ex- 
ternal memory locations. 

Selection of the desired addressing mode is made by 
the user as the source statements are written. Translation 


into appropriate opcode then depends on the method 
used. If manual translation is used, the addressing mode 
is inherent in the opcode. For example, the immediate, 
direct, indexed, and extended modes may all be used 
with the ADD instruction. The proper mode is determined 
by selecting (hexadecimal notation) 8B, 9B, AB, or BB, 
respectively. 

The source statement format includes adequate infor- 
mation for the selection if an assembler program is used 
to generate the opcode. For instance, the immediate mode 
is selected by the assembler whenever it encounters the 
“#" symbol in the operand field. Similarly, an ““X”’ in the 
operand field causes the indexed mode to be selected. 
Only the relative mode applies to the branch instructions; 
therefore, the mnemonic instruction itself is enough for 
the assemble to determine addressing mode. 
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For the instructions that use both Direct and Extended 
modes, the Assembler selects the Direct mode if the operand 
value is in the range 0-255 and Extended otherwise. There 
are a number of instructions for which the Extended mode is 
valid but the Direct is not. For these instructions, the 
Assembler automatically selects the Extended mode even if 
the operand is in the 0-255 range. The addressing modes are 
summarized in Figure 26. 


Inherent (Includes ““Accumulator Addressing’’ Mode) 


The successive fields in a statement are normally 
separated by one or more spaces. An exception to this rule 
occurs for instructions that use dual addressing in the 
operand field and for instructions that must distinguish be- 
tween the two accumulators. In these cases, A and B are 


“operands” but the space between them and the operator 
may be omitted. This is commonly done, resulting in ap- 


parent four character mnemonics for those instructions. 


The addition instruction, ADD, provides an example of 


dual addressing in the operand field: 


Operator Operand 


Comment 


ADDA MEM12 ADD CONTENTS OF MEM12 TO ACCA 


or 
ADDB 


The example used earlier for the test instruction, TST, also 
applies to the accumulators and uses the ‘accumulator ad- 
dressing mode” to designate which of the two accumulators 


is being tested: 


FIGURE 26 — ADDRESSING MODE SUMMARY 











Direct: n 


Z = Oprnd Address 


Example: SUBB Z 
Addr. Range = 0—255 


A 





(K = One-Byte Oprnd) zZ 









(K = Two-Byte Oprnd) z 


OR 
Ky}, = Operand 
K,_ = Operand 


Z\ \t Z S255, Assembler Select Direct Mode 





If Z 255, Extended Mode is selected 






Example: CMPA Z 


Zy = Oprnd Address 











le 0 
e@ 
@ 
e 

(k = One-Byte Oprnd) 2 
OR 

(K = Two-Byte Oprnd) z 


K,_ = Operand 


Immediate: 


Example: LDAA #K 
(K = One-Byte Oprnd) 


(K = Two-Byte Oprnd) 
(CPX, LOX, and LOS) 


Relative: 


Example: BNE K 
(K = Signed 7-Bit Value) 


Addr. Range: 
—125 to +129 
Relative ton. 


(n+ 2)+K 


MEM12 ADD CONTENTS OF MEM12 TO ACCB 





« = Operand 
OR 











Ky = Operand 
Ky, = Operand 







+K = Brnch Offset 
@ 


n+ 1 


nt+2 


rEN 


Next Instr. 


A If Bench Tst False, A If Bench Tst True. 


indexed: 
Example: ADDA Z, X 


Addr. Range: 
O—255 Relative to 
Index Register, X 


(Z = 8-Bit Unsigned 
Value) 
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Comment 
TEST CONTENTS OF ACCB 


Operator 
TSTB 
or 
TSTA TEST CONTENTS OF ACCA 

A number of the instructions either alone or together with 
an accumulator operand contain all of the address informa- 
tion that is required, that is, “inherent” in the instruction 
itself. For instance, the instruction ABA causes the MPU to 
add the contents of accmulators A and B together and place 
the result in accumulator A. The instruction INCB, another 
example of ‘‘accumulator addressing,’’ causes the contents 
of accumulator B to be increased by one. Similarly, INX, in- 
crement the Index Register, causes the contents of the Index 
Register to be increased by one. 

Program flow for instructions of this type is illustrated in 
Figures 27 and 28. In these figures, the general case is shown 
on the left and a specific example is shown on the right. 
Numerical examples are in decimal notation. Instructions of 
this type require only one byte of opcode. Cycle-by-cycle 
operation of the inherent mode is shown in Table 6. 


Immediate Addressing Mode — In the Immediate address- 
ing mode, the operand is the value that is to be operated on. 
For instance, the instruction 


Operator Operand 
LDAA #25 


Comment 
LOAD 25 INTO ACCA 


causes the MPU to “immediately load accumulator A with 
the value 25”; no further address reference is required. The 
Immediate mode is selected by preceding the operand value 
with the ‘’#’’ symbol. Program flow for this addressing mode 
is illustrated in Figure 29. 

The operand format allows either properly defined sym- 
bols or numerical values. Except for the instructions CPX, 
LDX, and LDS, the operand may be any value in the range 0 
to 255. Since Compare Index Register (CPX), Load Index 
Register (LDX), and Load Stack Pointer (LDS), require 16-bit 
values, the immediate mode for these three instructions re- 
quire two-byte operands. In the Immediate addressing 


FIGURE 27 — INHERENT ADDRESSING 


MPU 


MPU 






INDEX 


| 





PROGRAM 
MEMORY 


EMORY 





EXAMPLE 


GENERAL FLOW 


mode, the “address’’ of the operand is effectively the 
memory location immediately following the instruction itself. 
Table 7 shows the cycle-by-cycle operation for the im- 
mediate addressing mode. 


Direct and Extended Addressing Modes — In the Direct 
and Extended modes of addressing, the operand field of the 
source statement is the address of the value that is to be 
operated on. The Direct and Extended modes differ only in 
the range of memory locations to which they can direct the 
MPU. Direct addressing generates a single 8-bit operand 
and, hence, can address only memory locations 0 through 
255; a two byte operand is generated for Extended address- 
ing, enabling the MPU to reach the remaining memory loca- 
tions, 256 through 65535. An example of Direct addressing 
and its effect on program flow is illustrated in Figure 30. 

The MPU, after encountering the opcode for the instruc- 
tion LDAA (Direct) at memory location 5004 (Program 
Counter = 5004), looks in the next location, 5005, for the ad- 
dress of the operand. It then sets the program counter equal 
to the value found there (100 in the example) and fetches the 


operand, in this case a value to be loaded into accumulator 


A, from that location. For instructions requiring a two-byte 
operand such as LDX (Load the Index Register), the operand 
bytes would be retrieved from locations 100 and 101. Table 8 
shows the cycle-by-cycle operation for the direct mode of 
addressing. 

Extended addressing, Figure 31, is similar except that a 
two-byte address is obtained from locations 5007 and 5008 
after the LDAB (Extended) opcode shows up in location 
5006. Extended addressing can be thought of as the ‘‘stan- 
dard” addressing mode, that is, it is a method of reaching 
any place in memory. Direct addressing, since only one ad- 
dress byte is required, provides a faster method of process- 
ing data and generates fewer bytes of control code. In most 
applications, the direct addressing range, memory locations 
0-255, are reserved for RAM. They are used for data buffer- 
ing and temporary storage of system variables, the area in 
which faster addressing is of most value. Cycle-by-cycle 
operation is shown in Table 9 for Extended Addressing. 


FIGURE 28 — ACCUMULATOR ADDRESSING 
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Relative Address Mode — In both the Direct and Extended 
modes, the address obtained by the MPU is an absolute 
numerical address. The Relative addressing mode, im- 
plemented for the MPU’s branch instructions, specifies a 
memory location relative to the Program Counter’s current 
location. Branch instructions generate two bytes of machine 
code, one for the instruction opcode and one for the 
‘‘relative’’ address (see Figure 32). Since it is desirable to be 
able to branch in either direction, the 8-bit address byte is in- 
terpreted as a signed 7-bit value; the 8th bit of the operand is 
treated as a sign bit, ‘O’’=plus and ‘’1’°=minus. The re- 
maining seven bits represent the numerical value. This 
results in a relative addressing range of + 127 with respect to 
the location of the branch instruction itself. However, the 
branch range is Computed with respect to the next instruc- 
tion that would be executed if the branch conditions are not 
satisfied. Since two bytes are generated, the next instruction 
is located at PC +2. If D is defined as the address of the 
branch destination, the range is then: 

(PC + 2)—127<Ds(PC+2)+ 127 
or 
PC—125sDsPC+ 129 
that is, the destination of the branch instruction must be 
within — 125 to +129 memory locations of the branch in- 
struction itself. For transferring control beyond this range, 


the unconditional jump (JMP), jump to subroutine (JSR), 
and return from subroutine (RTS) are used. 

In Figure 32, when the MPU encounters the opcode for 
BEQ (Branch if result of last instruction was zero), it tests the 
Zero bit in the Condition Code Register. If that bit is ‘’0,"’ in- 
dicating a non-zero result, the MPU continues execution 
with the next instruction (in location 5010 in Figure 32). If the 
previous result was zero, the branch condition is satisfied 
and the MPU adds the offset, 15 in this case, to PC + 2 and 
branches to location 5025 for the next instruction. 

The branch instructions allow the programmer to efficient- 
ly direct the MPU to one point or another in the control pro- 
gram depending on the outcome of test results. Since the 
control program is normally in read-only memory and cannot 
be changed, the reiative address used in execution of branch 
instructions is a constant numerical value. Cycle-by-cycle 
operation is shown in Table 10 for relative addressing. 


Indexed Addressing Mode — With Indexed addressing, 
the numerical address is variable and depends on the current 
contents of the Index Register. A source statement such as 


Operator Operand Comment 
STAA X PUT A IN INDEXED LOCATION 


causes the MPU to store the contents of accumulator A in 


TABLE 6 — INHERENT MODE CYCLE-BY-CYCLE OPERATION 


Address Mode Cycle | VMA R/W 
and Instructions Cycles # Line Address Bus Line Data Bus 


Op Code Address 


Op Code 
Op Code of Next Instruction 





1 
2 
3 
4 
1 
2 
3 
4 


oo - + 


Op Code Address + 1 


Op Code Address 

Op Code Address + 1 
Previous Register Contents 
New Register Contents 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer — 1 
Op Code Address 

Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 

Op Code Address 
Op Code Address + 1 
Stack Pointer 

New Index Register 
Op Code Address 
Op Code Address + 1 
Index Register 

New Stack Pointer 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 


Stack Pointer + 2 
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Op Code 

Op Code of Next Instruction 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 

Op Code 

Op Code of Next Instruction 
Accumulator Data 
Accumulator Data 

Op Code 

Op Code of Next Instruction 
trrelevant Data (Note 1) 
Operand Data from Stack 
Op Code 

Op Code of Next Instruction 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 

Op Code 

Op Code of Next Instruction 
Irrelevant Data 

Irrelevant Data 

Op Code 

Irrelevant Data (Note 2) 
Irrelevant Data (Note 1) 


Address of Next Instruction (High 


Order Byte) 


Address of Next Instruction (Low 


Order Byte) 
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TABLE 6 — INHERENT MODE bead ie Del OPERATION (CONTINUED) 


on 


OOMON AN AWHN = 


= =_ 
=" © 


_ 
N 


&WN —$f/O Dn OO WN — 


= O = =2&=@ =& a&@ 2 wa wt wt et 


Address Mode Gyote VMA : R/W| a 
and Instructions Eins Address Bus | Line Data Bus 


Op Code Address 


Op Code Address + 1 


Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
tack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 


Stack Pointer — 6 (Note 3) 


Op Code Address 


Op Code Address + 1 


Stack Pointer 
Stack Pointer + 1 


Stack Pointer + 2 
Stack Pointer + 3 
Stack Pointer + 4 


Stack Pointer + 5 
Stack Pointer + 6 
Stack Pointer + 7 


Op Code Address 


Op Code Address + 1 


Stack Pointer 

Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 
Stack Pointer — 7 


Vector Address FFFA (Hex) 


Vector Address FFFB (Hex) 


Op Code 

Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 


-cCc00000- = 


Contents of Cond. Code Register 
Op Code © . | 
Irrelevant Data (Note 2) 

irrelevant Data (Note 1) 


Contents of Cond. Code Register from 
Stack 


Contents of Accumulator B from Stack 
Contents of Accumulator A from Stack 


Index Register from Stack (High Order 
Byte) 


Index Register from Stack (Low Order 
Byte) 


Next Instruction Address from Stack 
(High Order Byte) 


Next Instruction Address from Stack 
(Low Order Byte) 


.Op Code 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 
Irrelevant Data (Note 1) 


Address of Subroutine (High Order 
Byte) 


Address of Subroutine (Low Order 
Byte) 


- - OoOo°o°o79ceoo- = 





Note 1.  !f device which is addressed during this cycle uses VMA, then the Data Bus wil! go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 


Note 2. Data is ignored by the MPU. 


Note 3. While the MPU is waiting for the interrupt, Bus Available will go high indicating the following states of the control lines: VMA is 
low; Address Bus, RW, and Data Bus are all in the high impedance state. 


the memory location specified by the contents of the Index 
Register (recall that the label ‘’X’’ is reserved to designate the 
Index Register). Since there are instructions for manipulating 
X during program execution (LDX, INX, DEC, etc.), the In- 
_dexed addressing mode provides a dynamic ‘’on the fly” way 
to modify program activity. 


The operand field can also contain a numerical value that 
will be automatically added to X during execution. This for- 


mat is illustrated in Figure 33. | 
hen the MPU encounters the LDAB (Indexed) opcode in 


location 5006, it looks in the next memory location for the 


value to be added to X (5 in the example) and calculates the 
required address by adding 5 to the present Index Register 
value of 400. In the operand format, the offset may be 
represented by a label or a numerical value in the range 0-255 
as in the example. In the earlier example, STAA X, the 


' operand is equivalent to 0, X, that is, the O may be omitted 


when the desired address is equal to X. Table 11 shows the 
cycle-by-cycle operation for the Indexed Mode of Address- 


ing. 
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FIGURE 29 — IMMEDIATE ADDRESSING MODE _ FIGURE 30 — DIRECT ADDRESSING MODE 
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TABLE 7 — IMMEDIATE MODE CYCLE-BY-CYCLE OPERATION 


ADC EOR Op Code Address Op Code 
pry BAA Op Code Address + 1 Operand Data 


BIT SBC 
CMP SUB 


Op Code Address Op Code 
Op Code Address + 1 Operand Data (High Order Byte) 
Op Code Address + 2 Operand Data (Low Order Byte) 





TABLE 8 — DIRECT MODE CYCLE-BY-CYCLE OPERATION 


Address Mode Cycle |} VMA R/W 
and Instructions Cycles # Line Address Bus Line 


Op Code Address Op Code 
Op Code Address + 1 Address of Operand 
Address of Operand Operand Data 


ON 


Op Code Address Op Code 

Op Code Address + 1 Address of Operand 

Address of Operand Operand Data (High Order Byte) 
Operand Address + 1 Operand Data (Low Order Byte) 
Op Code Address . Op Code 

Op Code Address + 1 Destination Address 

Destination Address Irrelevant Data (Note 1) 
Destination Address Data from Accumulator 

Op Code Address Op Code 

Op Code Address + 1 Address of Operand 

Address of Operand Irrelevant Data (Note 1) 
Address of Operand Register Data (High Order Byte) 
Address of Operand + 1 Register Data (Low Order Byte) 


1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 


or 





Note 1. If device which is address during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 
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FIGURE 31 — EXTENDED ADDRESSING MODE 
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TABLE 9 — EXTENDED MODE CYCLE-BY-CYCLE | 


Address Mode Cycle | VMA R/W 
and Instructions Cycles # |. Line Address Bus Line 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 
Address of Operand 












Op Code — 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Op Code 
Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 



















































Address of Operand 
Address of Operand + 1 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Subroutine Starting Address Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 


irrelevant Data (Note 1) 


Stack Pointer 


Stack Pointer — 1 
Stack Pointer — 2 

Op Code Address + 2 . 
Op Code Address + 2 
Op Code Address 

Op Code Address + 1 


Irrelevant Data (Note 1) 





Address of Subroutine (Low Order Byte) 
Op Code 

Jump Address (High Order Byte) 

Jump Address (Low Order Byte) 
Op Code 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data 
Op Code 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Op Code 
Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
Irrelevant Data (Note 1) 


a 







Op Code Address + 2 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand + 1 
Op Code Address 
Op Code Address + 1 

Op Code Address + 2. 
Operand Destination Address 
Operand Destination Address 























Data from Accumulator 



















1 Op Code Address Op Code 
1 Op Code Address + 1 Address of Operand (High Order Byte) 
1 ‘Op Code Address + 2 - Address of Operand (Low Order Byte) 
1. Address of Operand Current Operand Data 
0 Address of Operand Irrelevant Data (Note 1) 

Address of Operand New Operand Data (Note 2) 


2) 


Note 1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. ; 


Note 2. For TST, VMA = 0 and Operand data does not change. 
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FIGURE 32 — RELATIVE ADDRESSING MODE 
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TABLE 10 — RELATIVE MODE CYCLE-BY-CYCLE OPERATION 


Op Code Address 

Op Code Address + 1 

Op Code Address + 2 

Branch Address 

Op Code Address 

Op Code Address + 1 

Return Address of Main Program 
Stack Pointer 

Stack Pointer — 1 

Stack Pointer — 2 


1 1 
2 1 
3 0 
4 0 
1 1 
2 1 
3 0 
4 1 
5 1 
6 0 
7 0 


Return Address of Main Program 
Subroutine Address 


fee) 
[o] 


Note 1. 





Op Code 

Branch Offset 

Irrelevant Data (Note 1) 
trretevant Data (Note 1) 

Op Code 

Branch Offset 

Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 


If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 


Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 
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TABLE 11. — INDEXED MODE CYCLE-BY-CYCLE 


Address Mode Cycle | VMA R/W 
and Instructions Cycles # Line Address Bus Line 


INDEXED 






























Op Code Address 
Op Code Address + 1 
Index Register 





Op Code 
Offset 

Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 
Op Code 
Offset 

Irrelevant Data (Note 1) 











Index Register Plus Offset (w/o Carry) 
Op Code Address 

Op Code Address + 1 

Index Register 











ADC EOR 
ADD LDA 
AND ORA 
BIT SBC 
CMP SUB 









Irrelevant Data (Note 1) 
Operand Data 
Op Code 
Offset 

Irrelevant Data (Note 1) 


Index Register Plus Offset (w/o Carry) 





Index Register Pius Offset 
Op Code Address 

Op Code Address + 1 
Index Register 





Irrelevant Data (Note 1) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Index Register Plus Offset (w/o Carry) 
Index Register Pius Offset 
Index Register Pius Offset + 1 





Op Code Address 
Op Code Address + 1 
Index Register 


Op Code 
Offset 
Irrelevant Data (Note 1) 
























Index Register Plus Offset (w/o Carry) Irrelevant Data (Note 1) 
tndex Register Plus Offset 
Index Register Pius Offset 
Op Code Address 
Op Code Address + 1 


Index Register 


Irrelevant Data (Note 1) 





Operand Data 
Op Code 
Offset 
Irrelevant Data (Note 1) 


























Index Register Plus Offset (w/o Carry) 
Index Register Plus Offset 
Index Register Pius Offset 


Irrelevant Data (Note 1) 
Current Operand Data 
Irrelevant Data (Note 1) 


index Register Plus Offset New Operand Data (Note 2) 
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Op Code 
Offset 
Irrelevant Data (Note 1) 





Op Code Address 

Op Code Address + 1 

Index Register 

Index Register Plus Offset (w/o Carry) 













Irrelevant Data (Note 1) 
irrelevant Data (Note 1) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Op Code 
Offset 
Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1) 


Index Register Plus Offset 
Index Register Plus Offset 
index Register Plus Offset + 1 
Op Code Address 
Op Code Address +-1 
Index Register 
Stack Pointer 




















Stack Pointer — 1 

Stack Pointer — 2 

index Register 

Index Register Plus Offset (w/o Carry) 









Irrelevant Data (Note 1) 
Irrelevant Data (Note 1) 


eer ee 
selcnbidines cease! 


Note 1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 


Note 2. For TST, VMA = 0 and Operand data does not change. 
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ORDERING INFORMATION 


















Package Type Frequency (MHz) 
1.0 














Cerdip 0°C to 70°C MC6800S 
S Suffix 1.0 — 40°C to 85°C MC6800CS 
0°C to 70°C MC68A00S 
— 40°C to 85°C MC68A00CS 


0°C to 70°C MC68B00S 


Plastic 0°C to 70°C MCé68s00P 
P Suffix 1,0 — 40°C to 85°C MC6800CP 


15 O°C to 70°C MC68A00P 
15 -— 40°C to 85°C MC68A00CP 
2.0 0°C to 70°C MC68BO0P 








PIN ASSIGNMENT 





VssQi @ 40 [] RESET 
HALTY 2 39f]TSC 
4193 38 P] N.C. 
TROQ 4 3/1] $2 
VMAQ5 36 J] DBE 
NMiQj6 35T] N.C. 
BAQ 7 34 R/W 
Vec] 8 33] DO 
Aot}3 321101 
A1Qj10 31{} D2 
A2Q11 30 [D3 
A3Q 29] D4 
A4Q: 28 []D5 
A514 27116 
A615 26] D7 
A716 251 A15 
A8Q'7 24[JA14 
Agq}i8 23) A13 
A10Q19 221] A12 
A11fJ 20 219Vss 
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MOTOROLA 
aa SEMICONDUCTOR | 
MCc6801 


: MC6803 
Microcontroller/Microprocessor (MCU/MPU) 


The MC6801 is an 8-bit single-chip microcontroller unit (MCU) which significantly enhances the 
capabilities of the M6800 Family of parts. It includes an upgraded M6800 microprocessor unit 
(MPU) with upward-source and object-code compatibility. Execution times of key instructions have 
been improved and several new instructions have been added including an unsigned multiply. The 
MCU can function as a monolithic microcontroller or can be expanded to a 64K byte address space. 
It is TTL compatible and requires one +5-volt power supply. On-chip resources include 2048 bytes 
of ROM, 128 bytes of RAM, a serial communications interface (SCI), parallel 1/O, and a three-func- 
tion programmable timer. The MC6803 can be considered as an MC6801 operating in modes 2 or 3. 
An EPROM version of the MC6801, the MC68701 microcontroller, is available for systems develop- 
ment. The MC68701 is pin and code compatible with the MC6801/MC6803 and can be used to emu- 
late the MC6801/MC6803. The MC68701 is described in a separate Advanced Information 
publication. 

® Enhanced MC6800 Instruction Set 
e 8x8 Multiply Instruction 
Serial Communications Interface (SCI) 
Upward Source and Object Code Compatibility with the M6800 
16-Bit Three-Function Programmable Timer 
Single-Chip or Expanded Operation to 64K Byte Address Space 
Bus Compatibility with the M6800 Family 
2048 Bytes of ROM (MC6801 Only) 
128 Bytes of RAM | | 
64 Bytes of RAM Retainable During Powerdown 
29 Parallel 1/0 and Two Handshake Control Lines 
Internal Clock Generator with Divide-by-Four Output 
— 40 to 85°C Temperature Range 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FIGURE 1 — M6801 MICROCOMPUTER FAMILY BLOCK DIAGRAM 





a2 on 
onde zB 
OE x ara 
>< DwlZ lla 


Mode 


Expanded Multiplexed MPU 
Expanded Non-Multiplexed 
| i Single Chip 





P37. A7/D7 D7 1/0 P20 
P36 A6/D6 D6 1/0 P21 
P35 =A5/D5 D5 1/0 Port P22 
P34. A4/D4 «D4 i/O S P23 
P33. A3/D3 D3 1/0 P24 
P32. A2/D2 02 1/0 
P31 A1/D1 D1 1/0 
P30 AO/DO DO 1/0 
SC2. R/W R/W O0S3 
SC1 AS iOS 183 
P47 A15 A7 1/0 P10 
P46 Al4 AB 1/0 Address P11 
P45 A13 AS 1/0 Port p19 
P44. A12 A4— W/O : P13 
P43 All A3 (/O ° P14 
P42 A10 A2 1/0 P15 
P41 AQ Al 1/0 P16 
P40 AB AO 1/0 P17 
Vec Standby 128 x 8 a 
aie ROM 
(See Note) 
NOTE: No functioning ROM in MC6803. 
POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=Ta+(Pp° 85a) (1) 
where: 

TA = Ambient Temperature, °C 

BJA = Package Thermal Resistance, Junction-to-Ambient, °C/W 

PD = Pint+Pport 

PINT = Icc x Vec, Watts — Chip Internal Power 


PportT = Port Power Dissipation, Watts — User Determined 


For most applications PportT<P)j\T and can be neglected. PPORT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if Poort is neglected) is: 


Pp =K= (Ty +273°C) (2) 

Solving equations (1) and (2) for K gives: 
K=Pp ° (Ta + 273°C) + 0yarPD? (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at 


equilibrium) for a known T,. Using this value of K, the values of Pp and Ty can be obtained by solving equations 
(1) and (2) iteratively for any value of Tp 
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MAXIMUM RATINGS 


—-0.3 to +7.0 V 
—0.3 to +7.0 


° 







This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum rated voltages to this high-impedance 
circuit. For proper operation it is recom- 
mended the Vin and Voyt be constrained to 
the range Vss = (Vjn or Vout) = Vcc. Input 
protection is enhanced by connecting un- 
used inputs to either Vpp or Vss. 





Supply Voltage 
Input Voltage 


Operating Temperature Range 
MC6801, MC6803 


TA 
MC6801C, MC6803C 
Storage Temperature Range —55 to + 150 


THERMAL CHARACTERISTICS 


Characteristic Symbol | Value | Unit | 








Thermal Resistance 


Plastic 
Cerdip 





CONTROL TIMING (Vcc =5.0 V +5%, Vgg =0) 


Frequency of Operation 5 : . 2 
Crystal Frequency 
External Oscillator Frequency 
Crystal Oscillator Start Up Time bo ape Wider HOG a ete heen 1 
Processor Control Setup Time 200 eee | 17 


DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 Vdc +5%, Vgg=0, TA=TL to Ty, unless otherwise noted) 
MC6801 MC6801C 
Input High Voltage RESET] Vip Vss+4.0 Vcc Vss+4.0 Vcc V 
Other Inputs Vsst+2.0 Vcc Vsst2.2 Vcc 


Input Low Voltage All Inputs Vsgg—0.3 | Vgg+0.8 | Vgg—0.3 | Vgg+0.8 


Input Load Current Port 4 lin 0.5 0.8 mA 
(Vjn =0 to 2.4 V) SC1 0.8 1.0 
















































Characteristic 












Hi-Z (Off State) Input Current 
(Vin =0.5 to 2.4 V) Ports 1,2,and3/ Its] 


Output High Voltage 
(Load = —65 pA, Vec=Min)* Port 4, SC1, SC2 
(ILgad= - 100 pA, Vec=Min) Other Outputs 






















Output Low Voltage 
(ILoad = 2.0 mA, Vcc = Min) 


Internal Power Dissipation PINT 1200 1500 mW 
(Measured at TA=T, in Steady-State Operation) | 
Input Capacitance Port 3, Port 4, SC1 Cin 12.5 125 pF 
(Vin =0, Ta = 25°C, fo = 1.0 MHz) Other Inputs 10 10 
Vcc Standby Powerdown| Vspp 4.0 5.25 4.0 5.25 V 
Powerup| Vsp 4.75 ‘0.25 4.75 5.25 


*Negotiable to — 100 »A (for further information contact the factory) 
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PERIPHERAL PORT TIMING (Refer to Figures 2—5) 






Characteristic 















Peripheral Data Setup Time 







Delay Time, Enable Negative Transition to Peripheral 
CMOS Data Valid 


Input Strobe Pulse Width 
Input Data Hold Time 





Input Data Setup Time 


FIGURE 2 — DATA SETUP AND HOLD TIMES 
(MPU READ) 


ie Read 





P10-P17 

P20-P24 

P40-P47 

Inputs 

P30-P37 


* Port 3 non-latched operation (LATCH ENABLE = 0) 


FIGURE 4 — PORT 3 OUTPUT STROBE TIMING 
(MC6801 SINGLE-CHIP MODE) 


_ MPU access of Port 3* 





Address 
Bus 


083 


* Access matches output strobe select (OSS =0, a read; 
OSS = 1, a write) 


Symbol 


Max [Min | Max | Min | Max 
Fensu | 200 f — [20 | — | 10 | — | we 
[Peripheral Data Hold Time ————S~d tm | 200 | — | 200 | — | 00 | — | rs 


Delay Time, Enable Positive Transition to OS3 Negative tosD1 
Transition 

Delay Time, Enable Positive Transition to OS3 Positive 
Transition 


Delay Time, Enable Negative Transition to Peripheral Data Valid | tpywp 













MC6801 MC6801-1 MC68B01 
MC6803 MC6803-1 MC68B03 | Unit 





Paso [= [wo [= [oe 


FIGURE 3 — DATA SETUP AND HOLD TIMES 
(MPU WRITE) 


fn MPU Write 
E / 
tCMOS 
; ian OTV EC 


Data Valid 





All Data 
Port Outputs 


NOTES: 
1. 10 k pullup resistor required for port 2 to reach 0.7 Vcc. 
2. Not applicable to P21. 
3. Port 4 cannot be pulled above Vcc. 


FIGURE 5 — PORT 3 LATCH TIMING 
(MC6801 SINGLE-CHIP MODE) 


WwW 





P30-P37 
Inputs 


Data Valid 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 
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BUS TIMING (See Notes 1 and 2) 














































Characteristics Symbol|__MC6803__| _MC6803-1 MC68B03 
| Min | Max | Min | Max | Min | Max | 

| 1 |CycleTime tye | 0 | 20 | OB | 20 | 08 | 20 | ps 
| 2 | Pulse Width, E Low PWeL 1000 1000 
PWen | 450 | 1000 | 360 | 1000 | 220 
| 4 {Clock Rise andFallTime ty tg: | — [| 25 | — | 25 | ~ | 20 | ns | 
| 9 [Address Hold Time ta | 20 | — | 20 | ~ | to | —' | ons 
| 12__[Non-Muxed Address Valid TimetoE* | tay (| 200 | — | 150 | — | 70 | — | ns _| 
Read Data Setup Time Dros eee een Oe Der eae 
ce ee ee ee ee 
19 |WriteDataDelayTime | tppw | = | 225 | — | 200 | — | 120 | ns 
_21 |WriteDataHoldTime tp | 20 | — | 20 | — | 10 | ~ [ns 
a ee ee ee ee 
FE Mune Rares veld Time te AS Fal _iggt__ 80) =} 

25 _|Muxed Address Hold Time By ae ae Oe Oe re ee 
Delay time, E to AS Rise* etme | OO | cee FOF J sn 4) oO ee hee 
| 27__ | Pulse Width, ASHigh* SS (PWasy| 220 | — | 170 | — | 110 | — | ns __ 
| 28 [Delay Time, AStoERise* sss tase | 90 | — | 70 | — | 45 | — | ns | 
| 29 [Usable AccessTimey sta | 595 | — | 465 | — | 270 | — | os 





*At specified cycle time. 
**tASD parameters listed assume external TTL clock drive with 50% +5% duty cycle. Devices driven by an external TTL clock with 
50% + 1% duty cycle or which use a crystal have the following tasp specifications: 100 nanoseconds minimum (1.0 MHz devices), 
80 nanoseconds minimum (1.25 MHz device), 50 nanoseconds minimum (2.0 MHz devices). 


FIGURE 6 — BUS TIMING 


a ) 


E 2 | 
@ @ See Note 4 @ a 
10S, (9) aim 


R/W, Add KAAAAAAAZ KAJ 
normed OOO 





Addr/ Data 
Muxed 


Addr/Data 
Muxed 





Address 
Strobe (AS) 


NOTES: 
1. Voltage levels shown are V_ $0.5 V, Vj}y=2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
3. Usable access time is computed by: 12+3-17+4. 
4. Memory devices should be enabled only during E high to avoid port 3 bus contention. 
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FIGURE 7 — CMOS LOAD 


Test Point I 
éh 30 pF 


FIGURE 8 — TIMING TEST LOAD PORTS 1, 2, 3, 4 


VCC 
Ru 1.8 kQ 


Test Point MMD6150 


or Equivalent 


MMD7000 
or Equivalent 


C=90 pF for P30-P37, P40-P47, E, SCi, SCZ 
= 30 pF for P10-P17, P20-P24 

R= 37 kQ for P40-P47, SC1, SC2 
= 24 kQ for P10-P17, P20-P24 
= 24 kQ for P30-P37, E 


INTRODUCTION 


The MC6801 is an 8-bit monolithic microcomputer which 
can be configured to function in a wide variety of applica- 
tions. The facility which provides this extraordinary flexibility 
is its ability to be hardware programmed into eight different 
operating modes. The operating mode controls the con- 
figuration of 18 of the 40 MCU pins, available on-chip 
resources, memory map, location (internal or external) of in- 
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins is not dependent on the operating 
mode. 

Twenty-nine pins are organized as three 8-bit ports and 
one 5-bit port. Each port consists of at least a data register 
and a write-only data direction register. The data direction 
register is used to define whether corresponding bits in the 
data register are configured as an input (clear) or output 
(set). 


The term ‘“‘port,’’ by itself, refers to all of the hardware 
associated with the port. When the port is used as a ‘data 
port’ or “I/O port,” it is controlled by the port data direction 
register and the programmer has direct access to the port 
pins using the port data register. Port pins are labeled as Pij 
where i identifies one of four ports and j indicates the par- 
ticular bit. 

The microprocessor unit (MPU) is an enhanced MC6800 
MPU with additional capabilities and greater throughput. It is 
upward source and object code compatible with the 
MC6800. The programming model is depicted in Figure 9, 
where accumulator D is a concatenation of accumulators A 
and B. A list of new operations added to the M6800 instruc- 
tion set are shown in Table 1. 

The MC6803 can be considered an MC6801 that operates 
in Modes 2 and 3 only. 
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FIGURE 9 — PROGRAMMING MODEL 





8-Bit Accumulators A and B 
Or 16-Bit Double Accumulator D 


15 x O} Index Register (X) 


Bike SP 


15 PC 





7 0 
BHOROEEE 


Of Stack Pointer (SP) 


O} Program Counter (PC) 


Condition Code Register (CCR) 


Carry/ Borrow from MSB 
Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 


OPERATING MODES 


The MC6801 provides eight different operating modes (0 
through 7) and the MC6803 provides two operating modes (2 
and 3). The operating modes are hardware selectable and 
determine the device memory map, the configuration of port 
3, port 4, SC1, SC2, and the physical location of the inter- 
rupt vectors. | | 


FUNDAMENTAL MODES 


The eight operating modes can be grouped into three fun- 
damental modes which refer to the type of bus it supports: 
single chip, expanded non-multiplexed, and expanded 
multiplexed. Single-chip modes include 4 and 7, expanded 
non-multiplexed mode is 5, and the remaining five modes are 


expanded multiplexed modes. Table 2 summarizes the char- 
acteristics of the operating modes. | 


MC6801 Single-Chip Modes (4, 7) 
In the single-chip mode, the four MCU ports are con- 
figured as parallel input/output data ports, as shown in 


Figure 10. The MCU functions as a monolithic microcom- 


puter in these two modes without external address or data 
buses. A maximum of 29 I/O lines and two port 3 control 
lines are provided. Peripherals or another MCU can be inter- 
faced to port 3 in a loosely coupled dual processor configura- 
tion, as shown in Figure 11. 


TABLE 1 — NEW INSTRUCTIONS 


|_Instruction [scription 


ABX 
ADDD 
ASLD or LSLD 
BHS 
BLO 
BRN 
JSR 
LDD 
LSL 


Branch never 
Additional addressing mode: direct 
Loads double accumulator from memory 


(same as ASL) 


LSRD 
MUL 
PSHX 
PULX 
STD 
SUBD 
CPX 


Pushes the index register to stack 
Pulls the index register from stack 
Stores the double accumulator to memory 


Unsigned addition of accumulator B to index register 
Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator 

Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C bit 
Branch if higher or same; unsigned conditional branch (same as BCC) 

Branch if lower; unsigned conditional branch (same as BCS) 


Shifts memory or accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C bit 


Shifts the double accumulator right (towards LSB) one bit; the MSB is cleared and the LSB is shifted into the C bit 
Unsigned multiply; multiplies the two accumulators and leaves the product in the double accumulator 


Subtracts memory from the double accumulator and leaves the difference in the double accumulator 
Internal processing modified to permit its use with any conditional branch instruction 
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In single-chip test mode (4), the RAM responds to $XX80 bidirectional data bus and port 4 is configured initially as an 
through $XXFF and the ROM is removed from the internal input data port. Any combination of the eight least-signifi- 
address map. A test program must first be loaded into the cant address lines may be obtained by writing to the port 4 
RAM using modes 0, 1, 2, or 6. If the MCU is reset and then data direction register. Stated alternatively, any combination 
programmed into mode 4, execution will begin at of AO to A7 may be provided while retaining the remainder as 
SXXFE:XXFF. Mode 5 can be irreversibly entered from mode input data lines. Internal pullup resistors pull the port 4 lines 
4 without asserting RESET by setting bit 5 of the port 2 data high until the port is configured. 


register. This mode is used primarily to test ports 3 and 4 in 


Figure 12 illustrates a typical system configuration in the 
the single-chip and non-multiplexed modes. . a : 7 


expanded non-multiplexed mode. The MCU interfaces 


MC6801 Expanded Non-Multiplexed Mode (5) directly with M6800 Family parts and can access 256 bytes of 

A modest amount of external memory space is provided in external address space at $100 through $1FF. !OS provides 
the expanded non-multiplexed mode while significant on- an address decode of external memory ($100-$1FF) and can 
chip resources are retained. Port 3 functions as an 8-bit be used as a memory-page select or chip-select line 


TABLE 2 — SUMMARY OF MC6801/03 OPERATING MODES 








Common to all Modes: 

Reserved Register Area 

Port 1 

Port 2 

Programmable Timer 
Serial Communications Interface 
Single Chip Mode 7 
128 bytes of RAM; 2048 bytes of ROM 
Port 3 is a parallel 1/O port with two control lines 
Port 4 is a parallel 1/O port 
SC1 is Input Strobe 3 (1S3)__ 
SC2 is Output Strobe 3 (OS3) 


Expanded Non-Multiplexed Mode 5 
128 bytes of RAM; 2048 bytes of ROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input port/address bus 
SC1 is Input/Output Select (lOS) 

SC2 is Read/Write (R/W) 


Expanded Multiplexed Modes 1, 2, 3, 6* 
Four memory space options (64K address space): 
(1) No internal RAM or ROM (Mode 3) 
(2) Internal RAM, no ROM (Mode 2) 
(3) Internal RAM and ROM (Mode 1) 
(4) Internal RAM, ROM with partial address bus (Mode 6) 
Port 3 is a multiplexed address/data bus 
Port 4 is an address bus (inputs/address in Mode 6) 
SC1 is Address Strobe (AS) 
SC2 is Read/Write (R/W) 


Test Modes 0 and 4 
Expanded Multiplexed Test Mode 0 
May be used to test RAM and ROM 
Single Chip and Non-Multiplexed Test Mode 4 
(1) May be changed to Mode 5 without going through Reset 
(2) May be used to test Ports 3 and 4 as |/O ports 













































* The MC6803 operates only in modes 2 and 3. 
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FIGURE 10 — SINGLE-CHIP MODE 


Vcc Standby 
RESET MC6801 


FIGURE 11 — SINGLE-CHIP DUAL PROCESSOR CONFIGURATION. 


Vcc Standby 
RESET 


Port 1 





XTAL 
= 
Q EXTAL © 
Vcc Standby 
RESED MC6801 
Port 3, 81/0 Lines 





Port 1 Port 3 8 1/0 
8 1/0 Lines my 81/0 Lines Lines 
IS3 


OS3 
Port 2 


Port 4 Port 2 5 1/0 Lines 
8 1/0 Lines e170: nes SCI 
Serial |/O 16-Bit Timer : Port 2 
16-Bit Timer 5 1/0 Lines 
SCl 
16-Bit Timer 


FIGURE 12 — EXPANDED NON-MULTIPLEXED CONFIGURATION 


E 


MI 


Vcc Standby ‘IRQ1 Vcc Standby 
. RESET 


1 


IRQ 


MC6801 > 


Port 3 
8 Data Lines 
R/W 
10S 
Port 4 
To 8 
Address Lines 


Port 1 


8 1/0 Lines 


Port 2 

51/0 

Lines 
Serial 1/O 
16-Bit Timer 





(DO-D7) 
(AO-A7) 
10S 
R/W 

E 
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Expanded-Multiplex Modes (0, 1, 2, 3, 6) 


A 64K byte memory space is provided in the ex- 
panded-multiplex modes. In each of the expanded-mul- 
tiplexed modes port 3 functions as a time multiplexed 
address/data bus with address valid on the negative 
edge of address strobe (AS), and data valid while E is 
high. In modes 0 to 3, port 4 provides address lines A8 
to A15. In mode 6, however, port 4 initially is configured 
at RESET as an input data port. The port 4 data direction 
register can then be changed to provide any combi- 
nation of address lines, A8 to A15. Stated alternatively, 
any subset of A8 to A15 can be provided while retaining 
the remaining port 4 lines as input data lines. Internal 
pullup resistors pull the port 4 lines high unti! software 
configures the port. 

In mode 0, the reset vector is external for the first two 
E cycles after the positive edge of RESET, and internal 
thereafter. In addition, the internal and external data 
buses are connected so there must be no memory map 
overlap in order to avoid potential bus conflicts. Mode 
0 is used primarily to verify the ROM pattern and mon- 
itor the internal data bus with the automated test equip- 
ment. 

Only the MC6801 can operate in each of the ex- 
panded-multiplexed modes. The MC6803 operates only 
in modes 2 and 3. 

Figure 13 depicts a typical configuration for the ex- 
panded-multiplexed modes. Address strobe can be used 
to control a transparent D-type latch to capture ad- 
dresses AO-A7, as shown in Figure 14. This allows port 
3 to function as a data bus when E is high. 








PROGRAMMING THE MODE 


The operating mode is determined at RESET by the 
levels asserted on P22, P21, and P20. These levels are 
latched into PC2, PC1, and PCO of the program control 
register on the positive edge of RESET. The operating 
mode may be read from the port 2 data register as 
shown below, and programming levels and timing must 
be met as shown in Figure 15. A brief outline of the 
operating modes is shown in Table 3. Note that if diodes 
are used to program the mode, the diode forward volt- 
age drop must not exceed the V#Pppp minimum. 


PORT 2 DATA REGISTER 


7 6 5 4 3 2 ] 0 


Circuitry to provide the programming levels is de- 
pendent primarily on the normal system usage of the 
three pins. If configured as outputs, the circuit shown 
in Figure 16 may be used; otherwise, three-state buffers 
can be used to provide isolation while programming 
the mode. 


TABLE 3 — MODE SELECTION SUMMARY 











wos | rea | vei | 60 | nom | naw 
PC2 PC1 PCO A 
7 H H | | 
6 H H L | | 
5 H L H | | 
4 H L L (2) (1) 
3 L H H E E 
2 L H L E | 
1 L L H | | 
0 L L L | | 
Legend: NOTES: 
| — Internal 
E — External 





MUX — Multiplexed 
NMUX — Non-Multiplexed 
L — Logic Zero 

H — Logic One 










Interrupt 
Vectors 


Mode Mode 
| Single Chip 
MUX(5, 6) 
NMUx(5, 6) 

















Multiplexed/ Partial Decode 
Non-Multiplexed/ Partial Decode 
Single-Chip Test 


MUX(4) | Multiplexed/No RAM or ROM 
MUX!4) | Multiplexed/ RAM 
MUxX'4) | Multiplexed/RAM and ROM 


MuUx'4) | Multiplexed Test 


(1) Internal RAM is addressed at $XX80. 

(2) Internal ROM is disabled. 

(3) RESET vector is external for two cycles after RESET goes high. 

(4) Addresses associated with ports 3 and 4 are considered external in modes 0, 
1, 2, and 3. 

(5) Addresses associated with port 3 are considered external in modes 5 and 6. 


(6) Port 4 default is user data input; address output is optional by writing to port 4 
data direction register. 


* The MC6803 operates only in modes 2 and 3. 
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FIGURE 13 — EXPANDED MULTIPLEXED CONFIGURATION 
7 | Vcc | a 


Vcc Standby 
~ RESET 
Port 1 Port 3 8 Lines 
8 1/0 Lines y Multiplexed Data/Address 
* R/W | 
Port 2 
5 1/0 Lines Port 4 
Serial 1/O 8 Lines 
16-Bit Timer Address Bus 








Data Bus 
(DO-D7) 
pile nlc Address ‘Bus 
RESET 
NT (A0-A15) 
1RQ1 R/W 
Port 1 E 
81/0 
Port 2 
51/0 
SCl 
Timer 





NOTE: To avoid data bus (port 3) contention in the expanded muitiplexed modes, memory devices should be enabled only during E high time. 


FIGURE 14 — TYPICAL LATCH ARRANGEMENT 
GND 
AS 


ros : SN74LS373 . 
Address/ Data (Typical) Address: Ag-A7 





Data: Dg-D7 


MOTOROLA MICROPROCESSOR DATA 
3-102 





MC6801/6803 


FIGURE 15 — MODE PROGRAMMING TIMING 


See Figure 16 


for Diode Arrangement 
VMPDD 







VMPL 


Mode Latch 
| Level 





(P20, P2);.P22) 


— = em ow 


VMPH Min 






Mode Inputs 


(P20, P21, P22) RESET 


MODE PROGRAMMING (Refer to Figure 15) 


Symbol | Min | Max | Unit 
Mode Programming Input Voltage Low* (for Ta =0 to, 70°C) VMPL aos 1.7 V 


Mode Programming Input Voltage High VMPH 2400". 4 oe V 
Mode Programming Diode Differential (If Diodes are Used) (for Ta =0 to 70°C) VMPDD | 0.4 | = V 

















RESET Low Pulse Width PWRSTL — | E Cycles 
Mode Programming Setup Time tMPS stich E Cycles 
Mode Programming Hold Time tMPH 0 — ns 
RESET Rise Time=1 ys 100 — 
RESET Rise Time<1 ys 











Note: For Ta= —40 to 85°C, Maximum Vypypi =1.7, and Minimum Vyyppp = 0.4. 


FIGURE 16 — TYPICAL MODE PROGRAMMING CIRCUIT 


Vcc 


R92 





a a ae ee 
P20 20 (PCO) 
Le 
en ee ae 


fae 
P22 P22 (PC2) 
Mode 
NOTES: 4 Control 
) O . 
1. Mode 7 as shown Switches 


2. Ro*C=Reset time constant 

3. R1=10 k (typical) 

4. D=IN914, IN4001 in the 0 to 70°C range DW DY D 
D=1N270, MBD201 in the — 40 to 85°C range 

5. Diode V¢ should not exceed Vpyppp min. 





C 
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MEMORY MAPS 


The M6801 Family can provide up to 64K byte address 
space depending on the operating mode. A memory 
map for each operating mode is shown in Figure 17. 
The first 32 locations of each map are reserved for the 
internal register area, as shown in Table 4, with excep- 
tions as indicated. 
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FIGURE 17 — MC6801/03 MEMORY MAPS (Sheet 1 of 3) 


| Multiplexed-Test Mode 0 


Internal Registers 


External Memory Space 


Internal RAM — 


External Memory Space 


Internal ROM 


NOTES: . 
1) Excludes the following addresses which may be 


2 


used externally: $04, $05, $06, $07, and SOF. 


Addresses $FFFE and $FFFF are considered 
external if accessed within two cycles after a 
positive edge of RESET and internal at all other 
times. 


After two MPU cycles, there must be no over- 
lapping of internal and external memory spaces 
to avoid driving the data bus with more than one 
device. 


This mode is the only mode which may be used. 


to examine the interrupt vectors in internal ROM 
using an external RESET vector. 


MC6801 
‘Mode — 


Multiplexed/ RAM and ROM 


$0000!1) 


Internal Interrupt Vectors(2) 


Internal Registers 


$001F 
External Memory Space 


$0080 
Internal RAM 


SOOFF 


External Memory Space 


$F800 


Internal ROM 
SFFEF 


SFFFO External Interrupt Vectors 
SFFFF 


NOTES: 
1) Excludes the following addresses which may be 


used externally: $04, $05, $06, $07, and SOF. 


2) Internal ROM addresses $FFFO to $FFFF are not 


usable. 
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FIGURE 17 — MC6801/03 MEMORY MAPS (Sheet 2 of 3) 





Multiplexed/No RAM or ROM 


Multiplexed/ RAM 
Se $0000! 1) 


Internal Registers 


$0000!1) $001F 

Internal Registers 

$001F 
External Memory Space 

$0080 
Internal RAM 

SOOFF 

External Memory Space 

External Memory Space 


SFFFO 
ae External Interrupt Vectors 
External Interrupt Vectors SFFFF 


SFFFF 


NOTES: NOTES: 
1) Excludes the following addresses which may be 1) Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and SOF. used externally: $04, $05, $06, $07, and SOF. 


MC6801 
Mode 


Single-Chip Test 


$0000 
} Internal Registers 
$001F 
Unusable (1)(4) 
SXX80 } internal RAM 
SXXFF Internal Interrupt Vectors 
NOTES: 


1) The internal ROM is disabled. 


2) Mode 4 may be changed to Mode 5 without hav- 
ing to assert RESET by writing a one into the 
PCO bit of the port 2 data register. 

Addresses A8 to A15 are treated as ‘don’t cares” 
to decode internal RAM. 


Internal RAM will appear at $XX80 to $XXFF. 


— 





3 


— 


4 


— 
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FIGURE 17 — MC6801/03 MEMORY MAPS (Sheet 3 of 3) 


McC6801 
Mode 


Non-Multiplexed/ Partial Decode 


$0000! 1) 
} Internal Registers 
$001F 
Unusable 
$0080 
Internal RAM 
SOOFF 
ve External Memory Space 
$O1FF 


Unusable 


$F800 Y 


Internal ROM 


Wy Internal Interrupt Vectors 


SFFFF 


NOTES: 
1) Excludes the following addresses which may not 
be used externally: $04, $06, and SOF (no IQS). 


This mode may be entered without going 
through RESET by using mode 4 and subse- 
quently writing a one into the PCO bit of the port 
2 data register. 

Address lines AO to A7 will not contain addresses 
until the data direction register for port 4 has 
been written with ones in the appropriate bits. 
These address lines will assert ones until made 
outputs by writing the data direction register. 


~— 





— 


$0000!) 

Internal Registers 
$001F 

External Memory Space 
$0080 

Internal RAM — 
SOOFF 

External Memory Space 


MC6801 
Mode 


Multiplexed/ Partial Decode Partial Decode 


$F800 


Internal ROM 


SFFFF 


NOTES: 
1) Excludes the following addresses which may be 
used externally: $04, $06, and SOF. 


2) Address lines A8-A15 will not contain addresses 
until the data direction register for port 4 has 
been written with ones in the appropriate bits. 
These address lines will assert ones until made 
outputs by writing the data direction register. 


Internal Interrupt Vectors 


MC6801 
Mode 


Single Chip 
$0000 p 


} Internal Registers 
$001F 





Unusable 
$0080 p 


} Internal RAM 
SOOFF 


Unusable 


$F800 
Internal ROM 


SFFFF Internal Interrupt Vectors 
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MC6801/03 INTERRUPTS 


The M6801 Family supports two types of interrupt re- 
quests: maskable and non-maskable. A non-maskable inter- 
rupt (NMI) is always recognized and acted upon at the com- 
pletion of the current instruction. Maskable interrupts are 
controlled by the condition code register | bit and by in- 
dividual enable bits. The | bit controls all maskable inter- 
rupts. Of the maskable interrupts, there are two types: IRQ1 
and IRQ2. The programmable timer and serial communica- 
tions interface use an internal |RQ2 interrupt line, as shown 
in Figure 1. External devices (and 1S3) use [RQ17. An IRQ1 in- 
terrupt is serviced before IRQ2 if both are pending. 

All IRQ2 interrupts use hardware prioritized vectors. The 
single SCI interrupt and three timer interrupts are serviced in 
a prioritized order and each is vectored to a separate loca- 
tion. All interrupt vector locations are shown in Table 5. 

The interrupt flowchart is depicted in Figure 18 and is 
common to every interrupt excluding reset. During interrupt 
servicing the program counter, index register, A accumu- 
lator, B accumulator, and condition code register are pushed 
to the stack. The | bit is set to inhibit maskable interrupts and 
a vector is fetched corresponding to the current highest 
priority interrupt. The vector is transferred to the program 
counter and instruction execution is resumed. Interrupt and 
RESET timing are illustrated in Figures 19 and 20. 








FUNCTIONAL PIN DESCRIPTIONS 


Vcc AND Vss 

Vcc and Vss provide power to a large portion of the 
MCU. The power supply should provide + 5 volts (+5%) to 
Vcc, and Vss should be tied to ground. Total power 
dissipation (including Vcc standby), will not exceed Pp 
milliwatts. 


Vcc STANDBY 

Vcc standby provides power to the standby portion ($80 
through $BF) of the RAM and the STBY PWR and RAME 
bits of the RAM control register. Voltage requirements de- 
pend on whether the device is in a powerup or powerdown 
State. In the powerup state, the power supply should provide 
+5 volts (+5%) and must reach Vsp volts before RESET 
reaches 4.0 voits. During powerdown, Vcc standby must re- 
main above Vspp (min) to sustain the standby RAM and 
STBY PWR bit. While in powerdown operation, the standby 
current will not exceed ISpB. 

It is typical to power both Vcc and Vcc standby from the 
same source during normal operation. A diode must be used 





between them to prevent supplying power to Vcc during 
powerdown operation. Vcc standby should be tied to 
ground in mode 3. 


TABLE 4 — INTERNAL REGISTER AREA 


00 
01 
02 
03 


04 * 
05* * 
06 * 
O7* * 


08 
09 
OA 
OB 
OC 
OD 


Register 
Port 1 Data Direction Register* * * 
Port 2 Data Direction Register* * * 
Port 1 Data Register 
Port 2 Data Register 


Port 3 Data Direction Register* * * 
Port 4 Data Direction Register* * * 
Port 3 Data Register 

Port 4 Data Register 

Timer Control and Status Register 
Counter (High Byte) 

Counter (Low Byte) 

Output Compare Register (High Byte) 


Output Compare Register (Low Byte) 
Input Capture Register (High Byte) 
Input Capture Register (Low Byte) 
Port 3 Control and Status Register 


OE 
OF * 
Rate and Mode Control Register 

Transmit/ Receive Control and Status Register 

Receive Data Register 

Transmit Data Register 


RAM Control Register 14 
Reserved 15-1F 


* External addresses in modes 0, 1, 2, 3, 5, and 6; cannot be ac- 
cessed in mode 5 (no {OS). 
** External addresses in modes 0, 1, 2, and 3. 
***1= Output, O= Input. 





TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS 











Interrupt 


RESET 
NMI 
Software Interrupt (SWI) 
IRQ1 (or 183) 

ICF (Input Capture) * 
OCF (Output Capture) * 
TOF (Timer Overflow) * 

SCI (RDRF + ORFE + TDRE)* 





MSB LSB 
[rere FFro 


*|RQ2 Interrupt 
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Vector —» PC 











FIGURE 18 — INTERRUPT FLOWCHART 


ITMP —I 
Stack Machine State 
’ PC, X, A, B, CC 


, , ' 





|—ITMP 
Condition Code Register 1! 


| IRQ] | FFF8:FFFO | 










N WAI 


N : 
cK 
¥ 
SCI = TIEeTDRE + RIEe¢(RDRF + ORFE) 


Non-Maskable Interrupt 

Software Interrupt 

Maskable Interrupt Request 1 

Input Capture Interrupt 

Output Compare Interrupt 

Timer Overfiow Interrupt 

SCI Interrupt (TDRE+ RDRF + ORFE) 
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FIGURE 19 — INTERRUPT SEQUENCE 











Cycle 
Last Instruction #1 








#2 #3 #4 #5 #9 #10 #11 #12 




















#6 | #7 


m 


1-Bit Set 


| | 
ra. a) Ge) > i > CD Ci cae Ge Gan Ga Gl Ge Gees eee 


Op Code Op Code SP(n) SP(n-1) SP(n-2)  SP(n-3) SP(n-4) SP(n-5) SP(n-6) SP(n-7) Vector Vector New PC 





Addr Addr MSB Addr LSB Addr Address 
IRQ1 
—>| «-tecs 
NMI or IRQ2 
—>| «—tPcs 

Internal 

Data Bus 

Op Code Op Code PCO-7 PC8-15 X0O-7 X 8-15 ACCA ACCB CCR Irrelevant Vector Vector First Inst. of | 
Data MSB LSB Interrupt Routine 

Internal RAW 


FIGURE 20 — RESET TIMING 
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XTAL AND EXTAL 


These two input pins interface either a crystal or TTL- 
compatible clock to the MCU internal clock generator. 
Divide-by-four circuitry is included which allows use of 
the inexpensive 3.58 MHz or 4.4336 MHz Color Burst TV 
crystals. A 20 pF capacitor should be tied from each 
crystal pin to ground to ensure reliable startup and op- 
eration. Alternatively, EXTAL may be driven by an ex- 
ternal TTL-compatible clock at 4fg with a duty cycle of 
50% (+5%) with XTAL connected to ground. 


The internal oscillator is designed to interface with an AT- 
cut quartz crystal resonator operated in parallel resonance 
mode in the frequency range specified for fxTAL. The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time.* The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 21. 


RESET 


This input is used to reset the internal state of the device 
and provide an orderly startup procedure. During powerup, 
RESET must be held below 0.8 volts: (1) at least tac after 
Vcc reaches 4.75 volts in order to provide sufficient time for 
the clock generator to stabilize, and (2) until Vcc standby 
reaches 4.75 volts. RESET must be held low at least three E 
cycles if asserted during powerup operation. 








E (ENABLE) 


This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible and is the slightly skewed divide- 
by-four result of the device input clock frequency. It will 
drive one Schottky TTL load and 90 pF, and all data given in 
cycles is referenced to this clock unless otherwise noted. 


NON-MASKABLE INTERRUPT (NMI) 


An NMI negative edge requests an MCU interrupt se-- 


quence, but the current instruction will be completed before 
it responds to the request. The MCU will then begin an inter- 
rupt sequence. Finally, a vector is fetched from $FFFC and 
SFFFD, transferred to the program counter and instruction 
execution is resumed. NMI typically requires a 3.3 kQ 
(nominal) resistor to Vcc. There is no internal NMI pullup 
resistor. NMI must be held low for at least one E cycle to be 
recognized under all conditions. 


MASKABLE INTERRUPT REQUEST 1 (iRQ1) 

IRQ1 is a level-sensitive input which can be used to re- 
quest an interrupt sequence. The MPU will complete the cur- 
rent instruction before it responds to the request. If the inter- 
rupt mask bit (I bit) in the condition code register is clear, the 
MCU will begin an interrupt sequence. A vector is fetched 
from S$FFF8 and $FFF9, transferred to the piesran counter, 
and instruction execution is resumed. | 

IRQ1 typically requires an external 3.3 kQ (nominal) 
resistor to Vcc for wire-OR applications. 1ROQ1 has no inter- 
nal pullup resistor. 


STROBE CONTROL 1 AND 2 (SC1 AND SC2) 


The function of SC1 and SC2 depends on the operating — 


mode. SC1 is configured as an output in all modes except 
single-chip mode, whereas SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 


SC1 and SC2 In Single-Chip Mode 

In single-chip mode, SC1 and SC2 are configured as an 
input and output, respectively, and both function as port 3 
control lines. SC1 functions as 1S3 and can be used to indi- 
cate that port 3 input data is ready or output data has been 
accepted. Three options associated with IS3 are controlled 
by port 3 control and status register and are discussed in the 
PORT 3 (P30-P37). If unused, 1S3 can remain unconnected. 

SC2 is configured as OS3 and can be used to strobe out- 
put data or acknowledge input data. It is controlled by out- 
put strobe select (OSS) in the port 3 control and status 
register. The strobe is generated by a read (OSS = 0) or write 
(OSS = 1) to the port 3 data register. 0S3 timing is shown in 
Figure 4. 


SC1 and. SC2 In Expanded Non-Multiplexed Mode 


In the expanded non-multiplexed mode, both SC1 and 
SC2 are configured as outputs. SC1 functions as input/out- 
put select (IOS) and is asserted only when $0100 through 
$01FF is sensed on the internal address bus. 

SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 


SC1 and SC2 In Expanded-Multiplexed Mode 


In the expanded-multiplexed mode, both SC1 and SC2 are 
configured as outputs. SC1 functions as address strobe and 
can be used to demultiplex the eight least-significant ad- 
dresses and the data bus. A latch controlled by address 
strobe captures address on the negative edge, as shown in 
Figure 14. 

SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 


PORT 1 (P10-P17) 


Port 1 is a mode independent 8-bit I/O port with each line 
an input or output as defined by the port 1 data direction 
register. The TTL compatible three-state output buffers can 
drive one Schottky TTL load and 30 pF, Darlington tran- 
sistors, or CMOS devices using external pullup resistors. It is 
configured as a data input port by RESET. Unused lines can 
remain unconnected. 


PORT 2 (P20-P24) 


PORT 2 DATA REGISTER 


7 6 5 4 3 2 1 0 
ra] 0 


Port 2 is a mode-independent, 5-bit, multi-purpose |/O 
port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the port 2 data direc- 
tion. register. The port 2 data register is used to move data 
through the port. However, if P21 is configured as an out- 
put, it will be tied to the timer output compare function and 
cannot be used to provide oun from the port 2 data 
register. 





* Devices made with masks subsequent to M5G, M8D, and T5P incorporate an advanced clock with improved startup characteristics. 
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FIGURE 21 — M6801 FAMILY OSCILLATOR CHARACTERISTICS 


(a) Nominal Recommended Crystal Parameters 


Nominal Crystal Parameters* 


0.01-0.02 pF | 0.01-0.02 pF 





>20 K >20 K 
* NOTE: These are representative AT-cut crystal parameters only. Crystals of other types of cut may also 
be used. 
MC6801 
2 3 2 [] -——————__—___—__-___—— 3 





L R 
1 Cy S 
— i 
Co 


Cy = 20 pF (typical) 
Equivalent Circuit 


NOTE 


TTL-compatible oscillators may be 
obtained from: 


Motorola Component Products 


Attn: Data Clock Sales 
2553 N. Edgington St. 

Franklin Park, IL 60131 

Tel: 312-451-1000 

Telex: 433-0067 





(b) Oscillator Stabilization Time (tRc) 
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Port 2 can also be used to provide an interface for the 
serial Communications interface and the timer input edge 


function. These configurations are described in PROGRAM- 


MABLE TIMER and SERIAL COMMUNICATIONS INTER- 
FACE (SC\). 


The port 2 high-impedance TTL-compatible output buffers 


are capable of driving one Schottky TTL load and 30 pF, or 
CMOS devices using external pullup resistors. 


PORT 3 (P30-P37) 


Port 3 can be configured as an |/O port, a bidirectional 
8-bit data bus, or a multiplexed address/data bus depending 
on the operating mode. The TTL-compatible high- 
impedance output buffers can drive one Schottky TTL load 
and 90 pF. Unused lines can remain unconnected. 


Port 3 In Single-Chip Mode 

Port 3 is an 8-bit 1/O port in the single-chip mode, with 
each line configured by the port 3 data direction register. 
There are also two lines, |S3 and OS3, which can be used to 
control port 3 data transfers. 

Three port 3 options are controlled by the port 3 control 
and status register and are available only in single-chip 
mode: (1) port 3 input data can be latched using 1S3 as a 
control signal, (2) OS3 can be generated by either an MPU 





read or write to the port 3 data register, and (3) an IRQ1 in- ~~ 


terrupt can be enabled by an IS3 negative edge. Port 3 latch 
timing is shown in Figure 5. 


PORT 3 CONTROL AND STATUS REGISTER 





7 6 65 4 3 2 1 0 
1S3 X | OSS {Latch} X X X $OOOF 
Flag jEnable Enable 





Bit 0-2 
Bit 3 


Not used. 


LATCH ENABLE. This bit controls the 
input latch for port 3. If set, input data 
is latched by an IS3 negative edge. The 
latch is transparent after a read of the 
port 3 data register. LATCH ENABLE 
is cleared during reset. 


OSS (Output Strobe Select). This bit 
determines whether OS3 will. be 
generated by a read or write of the port 
3 data register. When clear, the strobe 
is generated by a read; when set, it is 
generated by a write. OSS is cleared 
during reset. 


Not used. 


Bit 4 


Bit 5 
Bit 6 
_ interrupt will be enabled whenever IS3 
FLAG is set; when clear, the interrupt 
is inhibited. This bit is cleared during 

reset. 


IS3 FLAG. This read-only status bit is 
set by an IS3 negative edge. It is 
cleared by a read of the port 3 control 
and status register (with |IS3 FLAG set) 
followed by a read or write to the port 
3 data register or during reset. 


Bit 7 


IS3 1RQ1 ENABLE. When set, an |RQ1 - 


Port 3 In Expanded Non-Multiplexed Mode 

Port 3 is configured as a bidirectional data bus (D7-D0O) in 
the expanded non-multiplexed mode. The direction of data 
transfers is controlled by read/write (SC2). Data is clocked 
by E (enable). 


Port 3 In Expanded-Multiplexed Mode 

Port 3 is configured as a time multiplexed address (AO-A7) 
and data bus (D7-DO) in the expanded-multiplexed modes, 
where address strobe (AS) can be used to demultiplex the 
two buses. Port 3 is held in a high-impedance state between 
valid address and data to prevent bus conflicts. 


PORT 4 (P40-P47) 

Port 4 is configured as an 8-bit 1/O port, as address out- 
puts, or as data inputs depending on the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF and is the 
only port with internal pullup resistors. Unused lines can re- 
main unconnected. 


Port 4 In Single-Chip Mode . 

In single-chip mode, port 4 functions as an 8-bit 1/O port 
with each line configured by the port 4 data direction 
register. Internal pullup resistors allow the port to directly 
interface with CMOS at5 volt levels. External pullup resistors 
to more than 5 volts, however, cannot be used. 


Port 4 In Expanded Non-Multiplexed Mode 


Port 4 is configured from reset as an 8-bit input port, 
where the port 4 data direction register can be written to pro- 
vide any or all of eight address lines, AO to A7. Internal 
pullup resistors pull the lines high until the port 4 data direc- 
tion register is configured. 


Port 4 In Expanded-Multiplexed Mode 


In all expanded-multiplexed modes except mode 6, port 4 
functions as half of the address bus and provides A8 to A15. 
In mode 6, the port is configured from reset as an 8-bit 
parallel input port, where the port 4 data direction register 
can be written to provide any or all of upper address lines A8 
to A15. Internal pullup resistors pull the lines high until the 
port 4 data direction register is configured, where bit 0 con- 
trols A8. 


RESIDENT MEMORY 


The MC6801 provides 2048 bytes of on-chip ROM and 128 
bytes of on-chip RAM. 

One half of the RAM ts powered through the Vcc standby 
pin and is maintainable during VCC powerdown. This stand- 
by portion of the RAM consists of 64 bytes located from $80 
through $BF. 

Power must be supplied to Vcc standby if the internal 
RAM is to be used regardless of whether standby power 
operation is anticipated. 

The RAM is controlled by the RAM control register. 


RAM CONTROL REGISTER ($14) 


The RAM control register includes two bits which can be 
used to control RAM accesses and determine the adequacy 
of the standby power source during powerdown operation. 
It is intended that RAME be cleared and STBY PWR be set 
as part of a powerdown procedure. 
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RAM CONTROL REGISTER 





Bit 0-5 
Bit 6 RAME 


Bit 7 STBY PWR 


TRO2 


Not used. 


RAM Enable. This read/write bit can 
be used to remove the entire RAM 
from the internal memory map. RAME 
is set (enabled) during reset provided 
standby power is available on the posi- 
tive edge of RESET. If RAME is clear, 
any access to a RAM address is exier- 
nal. If RAME is set and not in mode 3, 
the RAM is included in the internal 
map. 

Standby Power. This bit is a 
read/write status bit which, when 
once set, remains set as long as Vcc 
standby remains above Vspp (mini- 
mum). As long as this bit is set follow- 
ing a period of standby operation, the 
standby power supply has adequately 
preserved the data in the standby 
RAM. If this bit is cleared during a 
period of standby operation, it indi- 
cates that Vcc standby had fallen to a 
level sufficiently below Vspp (mini- 
mum) to suspect that data in the 


standby RAM is not valid. This bit can 
be set only by software and is not af- 
fected during reset. 


PROGRAMMABLE TIMER 


The programmable timer can be used to perform input 
waveform measurements while independently generating an 
output waveform. Pulse widths can vary from several micro- 
seconds to many seconds. A block diagram of the timer is 
shown in Figure 22. 


COUNTER ($09:0A) 

The key timer element is a 16-bit free-running counter 
which is incremented by E (enable). It is cleared during reset 
and is read-only with one exception: a write to the counter 
($09) will preset it to $FFF8. This feature, intended for 
testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. TOF is‘set whenever 
the counter contains all ones. 


OUTPUT COMPARE REGISTER ($0B:0C) 


The output compare register is a 16-bit read/write register 
used to control an output waveform or provide an arbitrary 
timeout flag. It is compared with the free-running counter on 
each E cycle. When a match occurs, OCF is set and OLVL is 
clocked to an output level register. If port 2, bit 1, is con- 
figured as an output, OLVL will appear at P21 and the output 
compare register and OLVL can then be changed for the next 


FIGURE 22 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER 
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compare. The function is inhibited for one cycle after a write 
to its high byte (SOB) to ensure.a valid compare. The output 
compare register is set to $FFFF at RESET. 


INPUT CAPTURE REGISTER ($0D:0E) 


The input capture register is a 16-bit read-only register 
used to store the free-running counter when a ‘‘proper’’ in- 
put transition occurs as defined by IEDG. Port 2, bit 0 should 
be configured as an input, but the edge detect circuit always 
senses P20 even when configured as an output. An input 
capture can occur independently of ICF: the register always 
‘contains the most current value. Counter transfer is in- 
hibited, however, between accesses of a double byte MPU 
read. The input pulse width must be at least two E cycles to 
ensure an input capture under all conditions. 


TIMER CONTROL AND STATUS REGISTER ($08) 

The timer control and status register (TCSR) is an 8-bit 
register of which all bits are readable, while only bits 0-4 can 
be written. The three most-significant bits provide the timer 
status and indicate if: 

@ a proper level transition has been detected, 


@ a match has occurred between the free-running 
counter and the output compare register, and 


@ the free-running counter has overflowed. 


Each of the three events can generate an IRQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 


TIMER CONTROL AND STATUS REGISTER (TCSR) 


Fi 6 5 4 3 2 1 0 

fier [ocr [ror [ne Jeoaerar[eefoo] some 
Bit 0 OLVL Output Level. OLVL is clocked to the 
output level register by a successful 
output compare and will appear at P21 
if bit 1 of the port 2 data direction 
register is set. It is cleared during reset. 
Input Edge. IEDG is cleared during 
reset and controls which level transi- 
tion will trigger a counter transfer to 
the input capture register: 
|IEDG=0 Transfer on a negative-edge 


Bit 1 EIDG 


|IEDG=1 Transfer on a positive-edge. . 


Bit 2 ETO! Enable Timer Overflow Interrupt. 
When set, an IRQ2 interrupt is enabled 
for a timer overflow; when clear, the 
interrupt is inhibited. It is cleared dur- 


ing reset. 


Enable Output Compare Interrupt. 
When set, an IRQ2 interrupt is enabled 
for an output Compare; when clear, 
the interrupt is inhibited. It is cleared 
during reset. 


Enable Input Capture Interrupt. When 
set, an |RQ2 interrupt is enabled for an 
input Capture; when clear, the inter- 
rupt is inhibited. It is cleared during 
reset. 





Bit 3 EOCI 





Bit 4 EICI 





Bit 5 TOF Timer Overflow Flag. TOF is set when 
the counter contains all ones. It is 
cleared by reading the TCSR (with 
_ TOF set) then reading the counter high 


byte ($09), or during reset. 


Output Compare Flag. OCF is set 
when the output compare register 
matches the free-running counter. It is 
cleared by reading the TCSR (with 
OCF set) and then writing to the out- 
_ put compare register (SOB or $OC), or 
during reset. 
Input Capture Flag. ICF is set to in- 
dicate a proper level transition; it is 
cleared by reading the TCSR (with ICF 
set) and then the input capture register 
high byte ($OD), or during reset. 


Bit 6 OCF 


Bit 7 ICF 


SERIAL COMMUNICATIONS INTERFACE (SCI) 


A full-duplex asynchronous serial communications inter- 
face (SCI) is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally in- 
dependent, but use the same data format and bit rate. Serial 
data formats include standard mark/space (NRZ) and Bi- 
phase and both provide one start bit, eight data bits, and one 
Stop bit. ‘‘Baud” and ‘‘bit rate’’ are used synonymously in 
the following description. ; 


WAKE-UP FEATURE 


In a typical serial loop multi-processor configuration, 
the software protocol will usually identify the addres- 
see(s) at the beginning of the message. In order to per- 
mit uninterested MPU’s to ignore the remainder of the 
message, a wake-up feature is included whereby all fur- 
ther SCI receiver flag (and interrupt) processing can be 
inhibited until its data line goes idle. An SCI receiver is 
re-enabled by an idle string of eleven consecutive ones 
or during reset. Software must provide for the required 
idle string between consecutive messages and prevent 
it within messages. 


PROGRAMMABLE OPTIONS 

The following features of the SCI are programmable: 

@ format: standard mark/space (NRZ) or Bi-phase 

@ clock: external or internal bit rate clock 

@ Baud: one of four per E clock frequency, or external 
clock (x 8 desired baud) 

@ wake-up feature: enabled or disabled 

@ interrupt requests: enabled individually for transmitter 
and receiver 


@ clock output: internal bit rate clock enabled or disabled 
to P22 


SERIAL COMMUNICATIONS REGISTERS 


The serial communications interface includes four ad- 
dressable registers as depicted in Figure 23. It is controlled 
by the rate and mode control register and the transmit/ 
receive control and status register. Data is transmitted and 
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received utilizing a write-only transmit register and a read- 
only receive register. The shift registers are not accessible to 
software. 


Rate and Mode Control Registers (RMCR) ($10) 

The rate and mode control register controls the SCI bit 
rate, format, clock source, and under certain conditions, the 
configuration of P22. The register consists of four write-only 
bits which are cleared during reset. The two least-significant 
bits control the bit rate of the internal clock and the remain- 
ing two bits control the format and clock source. 


RATE AND MODE CONTROL REGISTER (RMCR) 


7 6 5 4 3 2 1 0 


Bit 1:Bit O SS1:SSO Speed Select. These two 
bits select the baud rate when using 
the internal clock. Four rates may be 
selected which are a function of the 
MCU input frequency. Table 6 lists bit 


time and rates for three selected MCU 
frequencies. 


Bit 3:Bit 2 CC1:CCO Clock Control and Format 
Select. These two bits control the for- 
mat and select the serial clock source. 
If CC1 is set, the DDR value for P22 is 
forced to the complement of CCO and 
cannot be altered until CC1 is cleared. 
lf CC1 is cleared after having been set, 
its DDR value is unchanged. Table 7 
defines the formats, clock source, and 
use of P22. 


If both CC1 and CCO are set, an external TTL-compatible 
clock must be connected to P22 at eight times (8X) the 
desired bit rate, but not greater than E, with a duty cycle of 
50% (+ 10%). If CC1:CCO= 10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 


NOTE: The source of SCI internal bit rate clock is the timer 
free-running counter. An MPU write to the counter 
can disturb serial operations. 


FIGURE 23 — SCI REGISTERS 


Bit 7 


Rate and Mode Control Register BitO 


Transmit/ Receive Control and Status Register 


Receive Data Register 


(ee ae ee 


Port 2 





(Not Addressable) 


Rx 11 
Bit Receive Shift Register 
3 


Clock 
10 
Bit 


Tx 


Bit i 








Bit Rate 
Generator 


(Not Addressable) 





Transmit Shift Register ‘ 


pot ttt | ts 


Transmit Data Register 


“. MOTOROLA MICROPROCESSOR DATA 








MC6801/6803 


Transmit/Receive Control And Status Register 


(TRCSR) ($11) 


The transmit/receive control and status register controls 


the transmitter, 


receiver, wake-up feature, and two in- 


dividual interrupts and monitors the status of serial opera- 
tions. All eight bits are readable while bits 0 to 4 are also 
writable. The register. is initialized to $20 by RESET. 





TRANSMIT/RECEIVE CONTROL AND STATUS 


REGISTER (TRCSR) 


at 6 5 4 3 2 1 0 
mone[onre|rone] re] ac [Te | te [wu | som 


BitO WU 


Bit T-1TE 


Bit 2 TIE 


Bit 3 RE 


Bit 4 RIE 








“Wake-up” on Idle Line. When set, 
WU enables the wake-up function; 
it is cleared by eleven consecutive 
Ones or during reset. WU will not 
set if the line is idle. 


Transmit Enable. When set, P24 DDR 
bit is set, cannot be changed, and will 
remain set if TE is subsequently 
cleared. When TE is changed from 
clear to set, the transmitter is con: 
nected to P24 and a preamble of nine 
consecutive ones is transmitted. TE is 
Cleared during reset. 


Transmit Interrupt Enable. When set, 
an IRQ2 interrupt is enabled when 
TDRE is set; when clear, the interrupt 
is inhibited. TE is cleared during reset. 


Receive Enable. When set, the P23 
DDR bit is cleared, cannot be chang- 
ed, and will remain clear if RE is subse- 
quently cleared. While RE is set, the 
SCI receiver is enabled. RE is cleared 
during reset. 


Receiver Interrupt Enable. When set, 
an IRQ2 interrupt is enabled when 








Bit 5 TDRE 


Bit 6 ORFE 


Bit 7 RDRF 


TABLE 6 — SCI BIT TIMES AND RATES 


6.67 ms/150 Baud 


* Using maximum clock rate 








26 ps/38,400 Baud 
208 ps/4,800 Baud 
1.67 ms/600 Baud 


16 ps/62,500 Baud 
128 ws/7812.5 Baud 
1.024 ms/976.6 Baud 
4.096 ms/244.1 Baud 


2aeTeMH2 | «AMM «dC 
Eee eee 1.2288 MHz 









RDRF and/or ORFE is set; when clear, 
the interrupt is inhibited. RIE is cleared 
during reset. — 


Transmit Data Register Empty. TDRE 
is set when the transmit data register is 
transferred to the output serial shift 
register or during reset. It is cleared by 
reading the TRCSR (with TDRE set) 
and then writing to the transmit data 
register. Additional data will be 
transmitted only if TORE has been 
cleared. 


Overrun Framing Error. If set, ORFE in- 
dicates either an overrun or framing er- 
ror. An overrun is a new byte ready to 
transfer to the receiver data register 
with RDRF still set. A receiver framing 
error has occurred when the byte 
boundaries of the bit stream are not 
synchronized to the bit counter. An 
overrun can be. distinguished from a 
framing error by the state of RDRF: if 
RDRF is set, then an overrun has oc- 
curred; otherwise a framing error has 
been detected. Data is not transferred 
to the receive data register in an over- 
run condition. Unframed data causing 
a framing error is transferred to the 
receive data register. However, subse- 
quent data transfer is blocked until the 
framing error flag is cleared.* ORFE is 
cleared by reading the TRCSR (with 
ORFE set) then the receive data 
register, or during reset. 

Receive Data Register Full. RDRF is 
set when the input serial shift register 
is transferred to the receive data 
register. it is cleared by reading the 
TRCSR (with RDRF set), and then the 
receive data register, or during reset. 










13.0 ps/76,800 Baud 
104.2 ws/9,600 Baud 
833.3 ws/1,200 Baud 
3.33 ms/300 Baud 


TABLE 7 — SCi FORMAT AND CLOCK SOURCE CONTROL 





Internal 
Internal 
Internal 
External 


Not Used 


Not Used. 
- Output 


Input 


* Devices made with mask number Mb5G, M8D, and T5P do not transfer unframed data to the receive data register. 
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SERIAL OPERATIONS 


The SCI is initialized by writing control bytes first to the 
rate and mode control register and then to the transmit/ 
receive control and status register. When TE is set, the out- 
put of the transmit serial shift register is connected to P24 
and serial output is initiated by transmitting a 9-bit preamble 
of ones. 

At this point one of two situations exist: 1) if the transmit 
data register is empty (TDRE=1), a continuous string of 
ones will be sent indicating an idle line, or 2) if a byte has 
been written to the transmit-data register (TDRE=0), it will 
be transferred to the output serial shift register (synchroniz- 
ed with the bit rate clock), TDRE will be set, and transmis- 
sion will begin. . 

The start bit (0), eight data bits (beginning with bit 0) and a 
stop bit (1), will be transmitted. If TDRE is still set when the 
next byte transfer should occur, ones will be sent until more 
data is provided. In Bi-phase format, the output toggles at 
the start of each bit and at half-bit time when a one is sent. 
Receive operation is controlled by RE which configures P23 
as an input and enables the receiver. SCI data formats are il- 
lustrated tn Figure 24. 


INSTRUCTION SET 


The MC6801/03 is upward source and object code com- 
patible with the MC6800. Execution times of key instructions 
have been reduced and several new instructions have been 
added, including a hardware multiply. A list of new opera- 
tions added to the MC6800 instruction set is shown in Table 
1. 

In addition, two new special opcodes, 4E and bE, are pro- 
vided for test purposes. These opcodes force the program 
counter to increment like a 16-bit counter, causing address 
lines used in the expanded modes to increment until the 
device is reset. These opcodes have no mnemonics. 

The coding of the first (or only) byte corresponding to an 


executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
instructions in all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 


PROGRAMMING MODEL 


A programming model for the MC6801/03 is shown in 
Figure 10. Accumulator A can be concatenated with ac- 
cumulator B and jointly referred to as accumulator D where 
A is the most-significant byte. Any operation which modifies 
the double accumulator will also modify accumulator A 
and/or B. Other registers are defined as follows: 


Program Counter — The program counter is a 16-bit 
register which always points to the next instruction. 


Stack Pointer — The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup (LIFO) queue. The stack resides in ran- 
dom access memory at a location defined by the program- 
mer. 


Index Register — The index register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 


Accumulators — The MPU contains two 8-bit accumu- 
lators, A and B, which are used to store operands and results 
from the arithmetic logic unit (ALU). They can also be con- 
catenated and referred to as the D (double) accumulator. 


Condition Code Registers — The condition code register 
indicates the results of an instruction and includes the 
following five condition bits: negative (N), zero (Z), overflow 
(V), carry/borrow from MSB (C), and half carry from bit 3 
(H). These bits are testable by the conditional branch in- 
structions. Bit 4 is the interrupt mask (| bit) and inhibits all 
maskable interrupts when set. The two unused bits, B6 and 
B/, are read as ones. 


FIGURE 24 — SCI DATA FORMATS 
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ADDRESSING MODES 


Six addressing modes can be used to reference mem- 
ory. Asummary of addressing modes for all instructions 
is present in Tables 9 through 12, where execution times 
are provided in E cycles. Instruction execution times are 
summarized in Table 13. With an input frequency of 4 
MHz, E cycles are equivalent to microseconds. A cycle- 
by-cycle description of bus activity for each instruction 
is provided in Table 14 and a description of selected 
instructions is shown in Figure 25. 

Immediate Addressing — The operand or “immediate 
byte(s)” is contained in the following byte(s) of the in- 
struction where the number of bytes matches the size 
of the register. These are two or three byte instructions. 

Direct Addressing — The least-significant byte of the 
operand address is contained in the second byte of the 
instruction and the most-significant byte is assumed to 
be $00. Direct addressing allows the user to access $00 
through $FF using two byte instructions and execution 
time is reduced by eliminating the additional memory 
access. In most applications, the 256-byte area is re- 
served for frequently referenced data. 


Extended Addressing — The second and third bytes 
of the instruction contain the absolute address of the 
operand. These are three byte instructions. 

Indexed Addressing — The unsigned offset contained 
in the second byte of the instruction is added with carry 
to the index register and used to reference memory 
without changing the index register. These are two byte 
instructions. 

inherent Addressing — The operand(s) are registers 
and no memory reference is required. These are single 
byte instructions. 

Relative Addressing — Relative addressing is used 
only for branch instructions. If the branch condition is 
true, the program counter is overwritten with the sum 
of a signed single byte displacement in the second byte 
of the instruction and the current program counter. This 
provides a branch range of —126 to +129 bytes from- 
the first byte of the instruction. These are two byte in- 
structions. 


TABLE 8 — CPU INSTRUCTION MAP 


MNEM MODE MNEM MODE OP MNEM MODE # MNEM MODE OP MNEM MODE 


DES INHER ASL 
NOP INHER 2 6 XS ROL 
PSHA DEC 
PSHB . 
PULX INC 
RTS TST 
3A ABX JMP 
3B ORT! CLR 
3C  PSHX NEG 
MUL ° 
WAI ° 
SW! COM 
NEGA LSR 
e 
ROR 
ASR 
ASL 
ROL 
DEC 
e 
INC 
TST 
JMP 
CLR 
SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
e 
EORA 
ADCA 
8A ORAA 
8B  ADDA 
8C CPX 
8D BSR 
LDS 
e 
SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
COM STAA 
LSR EORA 
° ADCA 
ROR ORAA 
ASR INDXD ADDA 


MON NM NY NYDNMYN NY WH WN DY W W 


PRW WW WW WW WWW WWW WW WwW WwW Ww 
ae MRD ND PN NY KH DN NN NN DM HF NY NH NM NY 


NOTES: 1. Addressing Modes 


EXTND 
IMMED 





ed 


CPX 
JSR 
LDS 
STS DIR 
SUBA INOXD 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
STAA 
EORA 
ADCA 
.ORAA 
ADDA 
CPX 
JSR 
LDS 
STS 
SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
STAA 
EORA 
ADCA 
ORAA 
ADDA 
CPX 
JSR 
LDS 
STS 
SUBB 
CMPB 
SBCB 
ADDD 
ANDB 


DO SUBB_ DIR 
D1  CMPB 

D2  SBCB 

03 ADDD 

D4  ANDB 

D5 BITB 

D6 LDAB 

D7 STAB 

D8 EORB 

D9 ADCB 

DA ORAB 

DB ADDB 

DC LOD 

DDB STD 

DE LDX 

BF STX DIR 
£0 SUBB  INDXD 
E1 CMPB 

E2  SBCB 

E3. ADDD 

E4  ANDB 

—E5 ~—s-BITB 

E6 LDAB 

E7 STAB 

E8 EORB 

£9 ADCB 

EA  ORAB 

EB ADDB 

EC LOD 

ED STD 

EE LOX 

EF  STX iINDXD 
FO SUBB EXTND 
FI CMPB 

F2 SBCB 

F3 ADDD 

F4 ANDB 

F5~—s« ITB 

F6 LDAB 

F7 STAB 

F8  £ORB 

BITB FQ ADCB 

LDAB FA  ORAB 

° FB ADDB 

EORB FC LDD 

ADCB FD STD 

ORAB FE LDX 

ADDB FF STX EXTND 
LDD 
. * UNDEFINED OP CODE 
LDX IMMED 


a oD 


DADA D D 
WOW WW Ww 


6 
6 
3 
6 
2 
2 
2 
A 
2 
2 
2 


NMONNY WNHN DY WW W W 


WM RNY NN NO 
NNOWnNNN HY 


Ww 
MOH NHY AHNHNHN OOO DF DBA HLA HAD DAA AOUTNAV* VS HA HHKA HHA DHA HHA AM 


NNN WHYNY NY WW WWW WWW WWW WWW WWNHNHY NNN NNN NN NY NH HH NH MH NH NH NH LH 


anon b PhP HK HK AMA HRS OUT TFAATA HHA PH SF HSHAOAA HF HP HK WWWWWWWWMNEW WwW Ww 
WW WW WW WW WW WWW WWW HYD DH YN NHN NNN YN NY DY NN DY NH YH NH NH NN MH YH HY NM NN ANA A NL 


WN NM NH NH 
W NH KR KN HO 


NM NM NY MH MN NY NM ND LK 
Ww 
Ww 


WWWWWWWW NW WwW Ww 


INHER #I!nherent INDXD#Indexed IMMED=Immediate 

REL = Relative EXTND =Extended DIR =Direct 
2. Unassigned opcodes are indicated by ‘’®’’ and should not be executed. 
3. Codes marked by ‘‘T’’ force the PC to function as a 16-bit counter. 
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TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 
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Pointer Operations 





Compare Index Register 
Decrement Index Register 
Decrement Stack Pointer 
Increment Index Register 
Increment Stack Pointer 
Load Index Register 

} Load Stack Pointer 
Store Index Register 
Store Stack Pointer 
Index Reg —* Stack Pointer 
Stack Pntr — Index Register 


Push Data 
Pull Data 





TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 of 2) 





Condition Codes 
(5 [413 [2] 1/0 | 


Boolean 


— 
o 
£ 
= 


Expression 


CIS Ts[sT TT Tafa 
seis] | | | TTT TL iststst [sts| | [el] [sfs] | | [ele 
aT fef[ofefolefefel TT Tel 7 tefel Tel T [efofat 1 
PE felstsfel TT tet Tete elt Tfefel 
é{ | [alelslelelsiziel | | tal | (ele) te] | falclel | 
OL Sisislelsiststs) fo tei stsl ts] | ielale tT 
DESOSSSO0SCSs SCs Soosoeecocee 
at | j2jelelsteta|s|3| | | [el | lelel [st | defefel | 
gett isistetelstsfeT TTT TTT afef tT sfef 
ECT TelelelelefeleT TT TT TT blef TTT Tele 
“1éLT falsisisiesfa] Tt TT TT [ste] TTT elel TT 
SS ele eee ae ie el alee 
Py tefetefefetefef TTT TTT Ttst TTT sft TT 


anes a\a|a|a1S15| § ran} aa] =| 
ra ae = 
Zz B| B ag Pe S 
< oa (i O 


Accumulator and 


Memory Operations 


Add Accumulators 
Shift Left, Arithmetic 
Shift Left Double 

Shift Right, Arithmetic 
Compare Accumulators 


Add B to X 


Add with Carry 


Add Double 
1's Complement 





0 
no] 
nes 
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2) 
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Condition Codes 
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-j~™B 
eu 
ESN 
M+1—M 

b7 
[ch 
-B-A 
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Boolean 
' Expression 
M-1—>M 
x Bum D 
M—M 
Am?A 
B->B 
PC+17*PC 
B ~* Stack 
Stack >A 
Stack —B 
A-M-C—7A 
-M-C7™B 
D—M:M+1 
B-M-~*B 
-M:M+1—7D 


tee Stack eis lee 
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Accumulator and 
Memory Operations 


PDecimaiAdusw A _——*foaat *i| | | P| | 
Decrement 


2's Complement (Negate) 
Subtract Accumulator 
Transfer Accumulator 


> 
— 
— 
ise) 
sai 
xo 
= 
s- 
~ 
oO 
oO 
_ 
= 
Q 
> 
nY 


Exclusive OR 
Increment 

Load Accumulators 
Load Double 
Logical Shift, Left 
Shift Right, Logical 
No Operation 
Inclusive OR 

Push Data 

Store Accumulators 
Subtract 

Subtract Double 
Test, Zero or Minus 


Multiply 
The condition code register notes are listed after Table 12. 






Pull Data 
Rotate Left 
Rotate Right 
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS 
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Qa 
= 
° 
=] 
QO 
° 
Qa 
oO 
aD 
@ 
© 
n 
Cand 
oO 
a 


Conditi 
Inherent | 5 | 
Operations | MNEM | Op | Boolean Operation 


RA 
cu 
sec foo [2{i{ 1=c_ _| 
Se 
[set Overfow __—SSSSSSSCSSSCid Sef 2 
rap | 06 [2 [1] 


LEGEND CONDITION CODE SYMBOLS 
Op Operation Code (Hexadecimal) Half-carry from bit 3 
~ Number of MPU Cycles Interrupt mask 
Msp. Contents of memory location pointed to by Stack Pointer Negative (sign bit) 





See eee ae 
Pee eee 





H 
| 
N 
# Number of Program Bytes Z Zero (byte) 
+ Arithmetic Plus V Overflow, 2’s complement 
— Arithmetic Minus C Carry/Borrow from MSB 
¢ Boolean AND R Reset Always 
X Arithmetic Multiply S Set Always 
+ Boolean Inclusive OR t Affected 
@ Boolean Exclusive OR e Not Affected 
M Complement of M 
—> Transfer Into 
Q Bit=Zero 
00 Byte= Zero 
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E CYCLES 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 14 provides a detailed description of the information 
present on the address bus, data bus, and the read/write 
(R/W) line during each cycle of each instruction. 

The information is useful in comparing actual with ex- 
pected results during debug of both software and hardware 
as the program is executed. The information is categorized in 
groups according to addressing mode and number of cycles 


per instruction. In general, instructions with the same ad- 
dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

Note that during MPU reads of internal locations, the 
resultant value will not appear on the external data bus ex- 
cept in mode 0. ‘‘High order’’ byte refers to the most- 
significant byte of a 16-bit value. 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles} # Address Bus Line Data Bus 


IMMEDIATE 


Opcode Address 
Opcode Address + 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Opcode Address 


Opcode Address + 1 
Opcode Address + 2 


Opcode 
Operand Data 


Opcode 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 





Address Bus FFFF 


DIRECT 
Opcode Address 
Opcode Address + 1 
Address of Operand 


Opcode Address 
Opcode Address + 1 
Destination Address 
Opcode Address 

‘| Opcode Address + 1 
Address of Operand 
Operand Address + 1 
Opcode Address 
Opcode Address + 1 
Address of Operand 
Address of Operand + 1 


Opcode Address 
Opcode Address + 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Subroutine Address 
Stack Pointer 

Stack Pointer—1 


Low Byte of Restart Vector 


Opcode 
Address of Operand 
Operand Data 


Opcode 
Destination Address 
Data from Accumulator 


Opcode 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Address of Operand 

Register Data (High Order Byte) 
Register Data (Low Order Byte) 


Opcode 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 

Irrelevant Data 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 2 of 5) 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 


Opcode Address 

Opcode Address + 1 
Opcode Address + 2 
Address of Operand 


Opcode Address 

Opcode Address + 1 

Opcode Address + 2 

Operand Destination Address 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address of Operand + 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand © 
Address of Operand + 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Operand Address 
Operand Address + 1 
Address Bus FFFF 


Opcode Address 

Opcode Address + 1 

Opcode Address + 2 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer — 1 


Address Mode and Cycle R/W 
Instructions Cycles| # Address Bus Line 


Opcode 

Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 
Opcode 

Address of Operand 

Address of Operand (Low Order Byte) 
Operand Data 


Opcode 


Destination Address (High Order Byte) 
_ Destination Address (Low Order Byte) 


Data from Accumulator 


Opcode 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Low Byte of Restart Vector 

New Operand Data 


Opcode 

Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 
Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Opcode of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 





* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 


MOTOROLA MICROPROCESSOR DATA 
3-124 


Address Mode and Cycle R/W 
Instructions Cycles} # Address Bus Line Data Bus 
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1 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 3 of 5) 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 
Address Bus FFFF 

Index Register Pius Offset 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register + Offset 
Index Register + Offset + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Index Register + Offset 
Stack Pointer 

Stack Pointer — 1 


Opcode 
Offset 
Low Byte of Restart Vector 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Offset 

Low Byte of Restart Vector 
Current Operand Data 

Low Byte of Restart Vector 

New Operand Data 

Opcode - 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 
Opcode 

Offset 

Low Byte of Restart Vector 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 





* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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TABLE 14 — - CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5) 


Address Mode and ne R/W 
Instructions cycles Address Bus Line | Data Bus 


INHERENT 
opcode 


Opcode of Next Instruction 















Opcode Address 
Opcode Address + 1 




















Opcode Address 
Opcode Address + 1 
Address Bus FFFF. 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Previous Stack Pointer Contents 


Opcode Address 
Opcode Address + 1° 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 


Opcode Address 
Opcode Address + 1 
Stack Pointer 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer—1 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer + 2 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer + 1 
Stack Pointer + 2 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer —5 
Stack Pointer —6 


Opcode - 
Irrelevant Data 
Low Byte of Restart Vector 














Opcode 
Irrelevant Data — 

Low Byte of Restart Vector 
Opcode 
Opcode of Next Instruction 
Irrelevant Data 















Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 












Opcode 
Opcode of Next Instruction 
Accumulator Data 


Opcode 
Opcode of Next lnsthistion 
Irrelevant Data 


Opcode 
Opcode of Next Instruction 
Low: Byte of Restart Vector 
Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Operand Data from Stack 



























Opcode 
Irrelevant Data 

r Index Register (Low Order Byte) 
Index Register fugh Order Byte) 


Opcode 
Irrelevant Data 
Irrelevant Data 
Index Register (High Order Byte) 
Index Register (Low Order Byte) 





























Opcode 
Irrelevant Data 
Irrelevant Data 
Address of Next Instruction (High Order Byte) 
Address of Next Instruction (Low Order Byte) 
















Opcode 
Opcode of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 
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Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer+2 
Stack Pointer+3 
Stack Pointer +4 
Stack Pointer+5 
Stack Pointer+6 
Stack Pointer +7 


Opcode Address 

Opcode Address + 1 

Stack Pointer 

Stack Pointer— 1 

Stack Pointer—2 

Stack Pointer—3 

Stack Pointer — 4 

Stack Pointer—5 

Stack Pointer—6 

Stack Pointer —7 

Vector Address FFFA (Hex) 
Vector Address FFFB (Hex) 


Opcode Address 
Opcode Address + 1 
Address Buss FFFF 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer — 1 


R/W 
Line 


1 
1 
] 
1 
1 
1 
1 
1 
1 
i 
1 
1 
] 
] 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 
0 
0 
0 
1 
] 
1 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 


Address Mode and Cycle 
Instructions Cycles} # Address Bus 


Opcode 

Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 


Opcode 

Irrelevant Data 

Irrelevant Data 

Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

Index Register from Stack (High Order Byte) 

Index Register from Stack (Low Order Byte) 

Next Instruction Address from Stack (High Order Byte) 
Next Instruction Address from Stack (Low Order Byte) 


Opcode 

Irrelevant Data 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 

Index Register (Low Order Byte) 

Index Register (High Order Byte) 
Contents of Accumulator A 

Contents of Accumulator B 

Contents of Condition Code Register 
Irrelevant Data 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 


Opcode 
Branch Offset 
Low Byte of Restart Vector 


Opcode 

Branch Offset 

Low Byte of Restart Vector 
Opcode of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
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FIGURE 25 — SPECIAL OPERATIONS 





JSR, Jump to Subroutine SWI, Software Interrupt Main Program SP Stack 
PC Main Program , PC > SP-7 
i RTN Nee see SP-6 Condition Code 
Direct SP-5 Acmitr B 
RTN SP-4 -  AcmitrA 
K = Direct Address | SP-3 | Index Register (X}) 
Main Program SP Stack WAI, Wait for Interrupt ye Main Program SP-—2 | Index Register (X_) 
RT!, Return from Interrupt Interrupt Program SP Stack 
| Bc 
fe ue ee Condition Code 
~ Acmitr B 
EXTND 


Acmitr A | 
RTN Index Register (X}4) 
Index Register (X;,) 


BSR, Branch To Subroutine RTNH 









—P SPi2 RTNi 


SP 
a Stack RTNv 
z ka 
C> ow | 
= a JMP, Jump Main Program PC Main Program 
TN 
RTN we $7E = JMP 
K = Offset ‘KH=Next Address | 
INDXD = | 
RTS, Return from Subroutine Subroutine =P Stack 8 Extended K, = Next Address 


Legend: 
RTN = Address of next instruction in Main Program to be executed upon return from subroutine 
RTNW = Most significant byte of Return Address 
RTN_ = Least significant byte of Return Address 
— = Stack Pointer After Execution 
K =8-bit Unsigned Value 
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ORDERING INFORMATION 


The following information is required when ordering 
a custom MCU. The information may be transmitted to 
Motorola using the following media: 
MDOS, disk file 
PC-DOS disk file (360K) 
EPROM(s) 2516, 2716, MC68701 
To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS™ or PC-DOS 
disk file) may be submitted for pattern generation. They 
should be programmed with the customer’s program, 
using positive logic sense for address and data. The 
diskette should be clearly labeled with the customer's 
name, date, project or product name, and the filename 
containing the pattern. 

In addition to the program pattern, a file containing 
the program source code listing can be included. This 
data will be kept confidential and used to expedite the 
process in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk me- 
dia submitted must be a single-sided, single-density, 8- 
inch MDOS compatible floppy diskette. The diskette must 
contain the minimum set of MDOS system files in ad- 
dition to the pattern file. 

The .LO output of the M6801 cross assembler should 
be furnished. In addition, the file must be produced 
using the ROLLOUT command, so that it contains the 
absolute image of the M6801 memory. It is necessary 
to include the entire memory image of both program 
and data space. All unused bytes, including those in the 
user space, must be set in logic zero. 


PC-DOS Disk File 


PC-DOS is the IBM® Personal Computer Disk Oper- 
ating System. Disk media submitted must be standard 
density (360K), double-sided 5-1/4 inch compatible floppy 
diskette. The diskette must contain the object file code 
in Motorola’s S-record format. The S-record format is 
a character-based object file format generated by M6801 
cross assemblers and linkers on IBM PC style machines. 


EPROMS 


A single 2K EPROM is necessary to contain the entire 
MC6801 program. The EPROM is programmed with the 
customer program using positive logic sense for ad- 
dress and data. All unused bytes, including the user’s 
space, must be set to zero. 

If the MC6801 MCU ROM pattern is submitted on a 
single 2516 or 2716 type EPROM, memory map ad- 
dressing is one-for-one. The data space ROM runs from 
EPROM address $000 to $7FF. If an MC68701 is used, 
the ROM map runs from $F800 to $FFFF. 

For shipment to Motoro!a, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styro- 
foam is not acceptable for shipment. 


Verification Media 


All original pattern media, EPROMs or floppy disks, 
are filed for contractual purposes and are not returned. 
A computer listing of the ROM code will be generated 
and returned along with a listing verification form. The 
listing should be thoroughly checked and the verifica- 
tion form completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To 
aid in the verification process, Motorola will program 
customer supplied blank EPROM(s) or DOS disks from 
the data file used to create the custom mask. 


ROM Verification Units (RVUs) 


Ten MCUs containing the customer’s ROM pattern 
will be sent for program verification. These units will 
have been made using the custom mask, but are for the 
purpose of ROM verification only. For expediency, the 
MCUs are unmarked, packaged in ceramic, and tested 
with five volts at room temperature. These RVUs are 
free with the minimum order quantity, but are not pro- 
duction parts. These RVUs are not guaranteed by Mo- 
torola Quality Assurance. 


Ordering Information 


The following table provides generic information per- 
taining to the package type and temperature for the 
MC6801/MC6803. This MCU device is available only in 
the 40-pin dual-in-line (DIP) package in the Cerdip and 
Plastic packages. 


MDOS is a trademark of Motorola Inc. 

MS-DOS is a trademark of Microsoft, Inc. 

EXORciser is a registered trademark of Motorola Inc. 
IBM is a registered trademark of International Business 
Machines Corporation. 


GENERIC INFORMATION 












































Frequency | Temperature | Cerdip Package | Plastic Package 

(MHz) (Degrees C) (S Suffix) (P Suffix) 
0 to 70 MC68015S1 MC6801P1 

-40 to +85| MC6801CS1 MC6801CP1 

0 to 70 MC6801S1-1 MC6801P1-1 

~40 to +85; MC6801CS-1 MC6801CP-1 

0 to 70 MC68B01S1 MC68B01P1 
0 to 70 MC6803S MC6803P 

—40 to +85 MC6803CS MC6803CP 

0 to 70 MC6803S-1 MC6803P-1 

—40 to +85 | MC6803CS-1 MC6803CP-1 





0 to 70 MC68B03S MC68B03P 
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PIN ASSIGNMENT 





P16 
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MOTOROLA 
=a SEMICONDUCTOR ox 


TECHNICAL DATA MC6801U4 
MC6803U4 


Advance Information : 
Microcontroller/Microprocessor (MCU/MPU) 


The MC6801U4 is an 8-bit single-chip microcontroller unit(MCU) that enhances the capabilities of 
the MC6801 and significantly enhances the capabilities of the M6800 Family of parts. It includes an 
MC6801 microprocessor unit (MPU) with direct object-code compatibility and upward object-code 
compatibility with the MC6800. Execution times of key instructions have been improved over the 
MC6800, and the new instructions found on the MC6801 are included. The MCU can function as a 
monolithic microcontroller or can be expanded to a 64K-byte address space. It is TTL compatible 
and requires one +5-volt power supply. On-chip resources include 4096 bytes of ROM, 192 bytes of 
RAM, a serial communications interface (SCI), parallel I/O, and a 16-bit six-function programmable 
timer. The MC6803U4 can be considered an MC6801U4 operating in modes 2 or 3; i.e., those that 
do not use internal ROM. 


@ Enhanced MC6800 Instruction Set 

Upward Source and Object Code Compatibility with the MC6800 and MC6801 
Bus Compatibility with the M6800 Family 

8 x8 Multiply Instruction 

Single-Chip or Expanded Operation to 64K-Byte Address Space 
Internal Clock Generator with Divide-by-Four Output 

Serial Communications Interface (SCI) 

16-Bit Six-Function Programmable Timer 

Three Output Compare Functions 

Two Input Capture Functions 

Counter Alternate Address 

4096 Bytes of ROM (MC6801U4) 

192 Bytes of RAM 

32 Bytes of RAM Retainable During Powerdown 

29 Parallel |/O and Two Handshake Control! Lines 

NMI Inhibited Until Stack Load 

— 40°C to 85°C Temperature Range 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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P37 


P35 
P34 
P33 
P32 
P31 

P30 
$C2 
SC1 


P47 
P46 
P45 
P44 
P43 
P42 
P41 
P40 


A7/D7 
A6/D6 
A5/D5 
A4/D4 
A3/D3 
A2/D2 
A1/D1 
A0/DO 
R/W 
AS 


Als 
Al4 
Al13 
Al2 
All 
A10 
AS 

A8 


Expanded Multiplexed MPU 
Expanded Non-Multiplexed 
| te Single Chip 


D7 
D6 
D5 
D4 
D3 


D1 
DO 
R/W 
Tos 


1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 
1/0 


MC6801U4 MICROCOMPUTER FAMILY BLOCK DIAGRAM 





Port 





Address 
Port 
: 4 


4096 x 8 


RAM 





(See Note) 


32 x8 
Vcc Standby Standby 


RAM 





NOTE: No functioning ROM in MC6803U4. 


MC6801U4 MICROCONTROLLER FAMILY BLOCK DIAGRAM 





P20 


P21 
P22 


P23 
P24 


P10 
P11 
P12 
P13 
P14 
P15 
P16 
P17 


TIN1 
TOUT) 
SCLK . 


RDATA 
TDATA 


TIN2 
TOUT2 
TOUT3 


1/0 
1/0 
1/0 


1/0 
1/0 


1/0 
1/0 
1/0 
1/0 
i/O 
1/0 
1/0 
1/0 
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MAXIMUM RATINGS 





| Value | Unit | 
Supply Voltage -—0.3 to +7.0 
Input Voltage -0.3 to +7.0 
TA °C 
MC6801U4, MC6803U4 
MC6801U4C, MC6803U4C 


Storage Temperature Range —55 to +150 


THERMAL CHARACTERISTICS 


Characteristic 











Operating Temperature Range 





Thermal Resistance 


Plastic 
Ceramic 





POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 


Ty=Tat (Pp 8Ja) (1) 
where: 
Ta = Ambient Temperature, °C 
OFA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pint+Pport . 
Pint ='!cc<Vec, Watts — Chip Internal Power 


Pport = Port Power Dissipation, Watts — User Determined 


For most applications Poort <P) yt and can be neglected. PPORT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if Pport is neglected) is: 
Pp =K=(Ty+273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp ° (Ta + 273°C) + 0yAsPD2 (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at 


equilibrium) for a known Ta. Using this value of K, the values of Pp and Ty can be obtained by solving equations 
(1) and (2) iteratively for any value of Ta 


CONTROL TIMING (Vcc=5.0 V+5%, Vgg=0) 

















Characteristic 


MC6801U4 | MC6801U4-1 
Symbol | MC6803U4 |MC6803U4-1] Unit 
fo 


Frequency of Operation 


_—" 
io) 
om 
on 

olN 

a 

= 
a & 
N 


Processor Control Setup Time 
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s otherwise noted) | 


MC6801U4C, 
MC6803U4C 


| Max {| Min [| = Max 
Vsst4.0 Vcc 
Vsst2.2 Vee 
Vss—0.3 


a U4, 
| eo 


Input High Voltage ~Vsst4. aeeere Vcc 
oS +2.0 Vcc 
Input Low Voltage 


Input Load Current 


Input Leakage Current 
(Vin =0 to 5.5 V) 


Hi-Z (Off-State) Input Current 
(Vjn=0.5 to 2.4 V) 


Output High Voltage 


Port 4, SC1, SC2 
Other Outputs 


(IL oad= — 65 nA, Vec= Min) 

(| pad = — 100 pA, Vcc = Min) 
Output Low Voltage 

(ILoad= 2.0 mA, Vcc= Min) 
Darlington Drive Current 

(Vo=1.5V) Port 1 


Internal Power Dissipation 
(Measured at TA=T in Steady-State Operation) * * * 


Input Capacitance 


All Outputs 





(Vin=9, Ta = 26°C, 
fo = 1.0 MHz) 
Vcc Standby 


Standby Current 


Port 3, Port4, SC1 
Other Inputs 


Powerdown 
Powerup 


Powerdown 





*Except mode programming levels; see Figure 16. 
**Negotiable to — 100 pA (for further information contact the factory). . 
***For the MC6801U4/MC6803U4 T, =0°C and for the MC6801U4C/MC6803U4C T, = 40°C. 


PERIPHERAL PORT TIMING (Refer to Figure 1-4) 
Characteristics 
tppsu } 200 


Peripheral Data Setup Time 

Peripheral Data Hold Time 

Delay Time, Enable Positive Transition to OS3 Negative Transition 
Delay Time, Enable Positive Transition to OS3 Positive Transition 


Delay Time, Enable Negative Transition to Peripheral Data Valid . 
Port 1 tPWD 
Port 2, 3,4 va 


Tut sie Had Tine 
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MPU Read 






MPU Write 
E E | 
) | 
'PDSU tPDH ig : 
P10-P17 y, eee IGE 
neers (Data Valid x | ee 
sna Data Valid 
Inputs* Port Outputs 
'PDSU—< tPDH 


NOTES: 


P30-P37 eee 1. 10 k pullup resistor required for port 2 to reach 0.7 Voc 
Inputs * { Data Valid 2. Not applicable to P21 


3. Port 4 cannot be pulled above Vcc 
*Port 3 nonlatched operation (Latch enable = 0) - 


Figure 1. Data Setup and Hold Times Figure 2. Data Setup and Hold Times 
(MPU Read) (MPU Write) 


MPU Access of Port 3* 


Ww 








tPWIS 
Address 
Bus nes) P30-P37 Data Valid 
Inputs 
OS3 





* Access matches output strobe select (OSS =0, a read; OSS =1, a write) 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


Figure 3. Port 3 Output Strobe Timing | Figure 4. Port 3 Latch Timing 
(MC6801U4 Single-Chip Mode) (MC6801U4 Single-Chip Mode) 


VCC 
R, =1.8 kQ 


Test Point . or Equiv. 
| e ‘ MMD7000 
ay 30 pF 


or Equiv. 


C=90 pF for P30-P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R=37 kQ for P40-P47, SC1, SC2 
= 24 kQ for P10-P17, P20-P24 
= 24 kf for P30-P37, E 


Figure 5. CMOS Load Figure 6. Timing Test 
Load Ports 1, 2, 3, and 4 
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Nonmuxed Address Valid Time to E* 
Read Data Setup Time 
R D 


ead Data Hold Time | toHR | 





* At specified cycle time. 


) 
Nee 
(3) 
of OE oe 
= = TVYVVVYVVV Dis way, 
nw. adiress: TI XXXAXMMM TCE 
aa 

OS, an OST 
; Read Data Muxed ¢ {kk 





7) 







Addr/ Data ne 
Muxed 


Addr/ Data 7 ' 
Muxed 


Address 
Strobe (AS) 


@ 
(5h 
@ 


NOTES: 
1. Voltage levels shown are Vi, 0.5 V, VH2=2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
3. Usable access time is computed by 22+ 3-— 17+ 4. 
4. Memory devices should be enabled only during E high to avoid port 3 bus contention. 
5. Item 26 is different from the MC6801 but it is upward compatible. 


Figure 7. Bus Timing 
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INTRODUCTION 


The MC6801U4 is an 8-bit monolithic microcontroller 
that can be configured to function in a wide variety of 
applications. The facility that provides this extraordinary 
flexibility is its ability to be hardware programmed into 
eight different operating modes. The operating mode 
controls the configuration of 18 of the 40 MCU pins, avail- 
able on-chip resources, memory map, location (internal 
or external) of interrupt vectors, and type of external bus. 
The configuration of the remaining 22 pins is not de- 
pendent on the operating mode. 

Twenty-nine pins are organized as three 8-bit ports and 
one 5-bit port. Each port consists of at least a data register 
and a write-only data direction register. The data direc- 
tion register is used to define whether corresponding bits 
in the data register are configured as an input (clear) or 
output (set). 

The term “port” by itself refers to all of the hardware 
associated with the port. When the port is used as a “data 
port” or “I/O port,” it is controlled by the port data di- 
rection register and the programmer has direct access to 
the port pins using the port data register. Port pins are 
labeled as Pij where i identifies one of four ports and j 
indicates the particular bit. 

The MPU is an enhanced MC6800 MPU with additional 
capabilities and greater throughput. It is upward source 
and object-code compatible with the MC6800 and the 
MC6801. The programming model is depicted in Figure 
8 where accumulator D is a concatenation of accumula- 
tors A and B. A list of new operations added to the MC6800 
instruction set are shown in Table 1. 

The MC6803U4 can be considered an MC6801U4 that 
operates in modes 2 and 3 only. 


OPERATING MODES 


The MC6801U4 provides seven different operating 
modes (modes 0 through 3 and 5 through 7), and the 





15 x 
18 SP 
[15 PC 





7 0 
BRRREES 


MC6803U4 provides two operating modes (modes 2 and 
3). The operating modes are hardware selectable and 
determine the device memory map, the configuration of 
port 3, port 4, SC1, SC2, and the physical location of the 
interrupt vectors. 


FUNDAMENTAL MODES 


The seven operating modes (0-3, 5-7) can be grouped 
into three fundamental modes which refer to the type of 
bus it supports: single chip, expanded nonmultiplexed, 
and expanded multiplexed. Single chip is mode 7, ex- 
panded nonmultiplexed is mode 5, and the remaining 5 
are expanded-muitiplexed modes. Table 2 summarizes 
the characteristics of the operating modes. 


MC6801U4 Single-Chip Mode (7) 


In the single-chip mode, the four MCU ports are con- 
figured as parallel I/O data ports, as shown in Figure 9. 
The MCU functions as a monolithic microcontroller in this 
mode without external address or data buses. A maxi- 
mum of 29 I/O lines and two port 3 control lines are 
provided. Peripherals or another MCU can be interfaced 
to port 3 in a loosely coupled dual-processor configura- 
tion, as shown in Figure 10. 


MC6801U4 Expanded-Nonmultiplexed Mode (5) 


A modest amount of external memory space is pro- 
vided in the expanded-nonmultiplexed mode while sig- 
nificant on-chip resources are retained. Port 3 functions 
as an 8-bit bidirectional data bus, and port 4 is configured 
initially as an input data port. Any combination of the 
eight least-significant address lines may be obtained by 
writing to the port 4 data direction register. Stated alter- 
natively, and combination of AO to A7 may be provided 
while retaining the remainder as input data lines. Internal 
pullup resistors pull the port 4 lines high until the port is 
configured. 


8-Bit Accumulators A and B 
Or 16-Bit Double Accumulator D 


O} Index Register (X) 
O} Stack Pointer (SP) 
O} Program Counter (PC) 


Condition Code Register (CCR) 


Carry/Borrow from MSB 
Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 


Figure 8. Programming Model 
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Table 1. New Instructions 


SC a 


ABX Unsigned addition of accumulator B to index register 
ADDD Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator 
ASLD or LSLD | Shifts the double accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit 
BHS Branch if higher or same, unsigned conditional branch (same as BCC) 
BLO Branch if lower, unsigned conditional branch (same as BCS) 
BRN Branch never | 


JSR Additional addressing mode direct 
LDD Loads double accumulator from memory 


LSL Shifts memory or accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit 
.(same as ASL) . 


LSRD Shifts the double accumulator right (towards LSB) one bit, the MSB is cleared, and the LSB is shifted into the C bit 
MUL Unsigned multiply, multiplies the two accumulators and leaves the product in the double accumulator 

PSHX Pushes the index register to stack 

PULX Pulls the index register from stack 

STD | Stores the double accumulator to memory 

SUBD | Subtracts memory from the double accumulator and leaves the difference in the double accumulator 

CPX _ | Internal processing modified to permit its use with any conditional branch instruction 





Table 2. Summary of MC6801U4/MC6803U4 Operating Modes 


Single-Chip (Mode 7) 
192 bytes of RAM, 4096 bytes of ROM 
Port 3 is a parallel |/O port with two control lines 
Port 4 is a parallel |/O port 


Expanded Non-Multiplexed (Mode 5) 
192 bytes of RAM, 4096 bytes of ROM 


256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input port/address bus 


Expanded Multiplexed (Modes 0, 1, 2, 3, 6*) 
Four memory space options (total 64K address space) 
(1) Internal RAM and ROM with partial address bus (mode 1) 
(2) Internal RAM, no ROM (mode 2) 
(3) Extended addressing of internal 1/O and RAM 
(4) Internal RAM and ROM with partial address bus (mode 6) 
Port 3 is multiplexed address/data bus 
Port 4 is address bus (inputs/address in mode 6) 
Test mode (mode 0): 
May be used to test internal RAM and ROM - 
May be used to test ports 3 and 4 as |/O ports by writing into mode 7 
Only modes 5, 6, and 7 can be irreversibly entered from mode 0 
Resources Common to All Modes 
Reserved register area 
Port 1 input/output operation 
Port 2 input/output operation 
Timer operation 
Serial communications interface operation 


* The MC6803U4 operates only in modes 2 and 3. 
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Vcc Standby ——— 














RESET MC6801U4 
Port 1 Port 3 
a oe 8 1/0 Lines 
-Bit Timer 1S3_ 
OS3 
Port 4 
| Port 2 
8 1/0 Lines 5 1/0 Lines 
Serial 1/O 
Vee 16-Bit Timer 
Figure 9. Single-Chip Mode 
Vcc Vcc 
XTAL E XTAL = 
ea iLL Cc NMI 
EXTAL EXTAL as 
Vcc Standby Vcc Standby 
RESET 
MC6801U4 RESET MC6801U4 
Port 1 “ Port 1 
8 1/0 Port 3, 81/0 Lines 8 1/0 
it Th ee we it Th 
16-Bit Ti 19 eat 
Port 2 
5 1/0 Lines nie 
oe 8 1/0 
16-Bit Timer . Port 4 Port 2 a 
es 81/0 5 1/0 Lines 
Vv V 
SS Lines SCI 2° 
16-Bit Timer 


Figure 10. Single-Chip Dual Processor Configuration 


Figure 11 illustrates a typical system configuration in 
the expanded-nonmultiplexed mode. The MCU interfaces 
directly with M6800 family parts and can access 256 bytes 
of external address space at $100 through $1FF. lOS pro- 
vides an address decode of external memory ($100-$1FF) 
and can be used as a memory-page select or chip-select 
line. 


Expanded-Multiplexed Modes (0, 1, 2, 3, 6) 


A 64K-byte memory space is provided in the expanded- 
multiplexed modes. In each of the expanded-multiplexed 
modes, port 3 functions as a time-multiplexed address/ 
data bus with address valid on the negative edge of ad- 
dress strobe (AS) and data valid while E is high. In modes 
0, 2, and 3, port 4 provides address lines A8 to A15. In 
modes 1 and 6, however, port 4 initially is configured at 
reset as an input data port. The port 4 data direction 
register can then be changed to provide any combination 
of address lines A8 to A15. Stated alternatively, any sub- 
set of A8 to A15 can be provided while retaining the 


remaining port 4 lines as input data lines. Internal pullup 
resistors pull the port 4 lines high until software confi- 
gures the port. In mode 1, the internal pullup resistors 
will hold the upper address lines high, producing a value 
of $FFXX for a reset vector. A simple method of getting 
the desired address lines configured as outputs is to have 
an external EPROM not fully decoded so it appears at 
two address locations (i.e., $FXXX and $BXXX). Then, 
when the reset vector appears as $FFFE, the EPROM will 
be accessed and can point to an address in the top $100 
bytes of the internal or exteral ROM/EPROM that will con- 
figure port 4 as desired. 

In mode 0, the reset and interrupt vectors are located 
at $BFFO-$BFFF. In addition, the internal and external data 
buses are connected; therefore, there must be no mem- 
ory map overlap to avoid potential bus conflicts. By writ- 
ing the PCO-PC2 bits in the port 2 data register, modes 
5,6, and 7 can be irreversibly entered from mode 0. Mode 
0 is used primarily to verify the ROM pattern and to mon- 
itor the internal data bus with the automated test equip- 
ment. 
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| m 












= 


| 


Vcc Standby 


RESET ~-MC6801U4 
Port 1 ere 
es en "8 Data Lines 
-Bit Timer RAR | 
Port 2 Paes 
51/0 1OS | 
Lines Port 4 
Serial. 1/O To8 
16-Bit Timer Address Lines 
% Vss 
Vcc 


(DO-D7) 


AO-A7) 
(Lo) aie Aa ENG Wi EES a 
ae A sare 2) ae ee er 





Vcc Standby 





MC6801U4 





Port 1 
81/0 
16-Bit Timer 

Port 2 
51/0 
SCl 
Timer 


Figure 11. Expanded-Nonmultiplexed Configuration 


Only the MC6801U4 can operate in each of the ex- 
panded-multiplexed modes. The MC6803U4 operates only 
in modes 2 and 3. 

Figure 12 depicts a typical configuration for the ex- 
panded-multiplexed modes. The AS can be used to con- 
trol a transparent D-type latch to capture addresses AO- 
A7, which allows port 3 to function as a data bus when 
E is high, as shown in Figure 13. 


PROGRAMMING THE MODE 


The operating mode is determined at RESET by the. 


levels asserted on P22, P21, and P20. These levels are 
latched into PC2, PC1, and PCO of the program control 





register on the positive edge of RESET. The operating 


mode may be read from the port 2 data register, as shown 
below, and programming levels and timing must be met 
as shown in Figure 14. A brief outline of the eppiens 
modes is shown in Table 3. 

Circuitry to provide the programming levels is de- 
pendent primarily on the normal system usage of the 


PORT 2 DATA REGISTER 


7 6 5 4 "23 2 1 0 
PZ sa 


three pins. If configured as outputs, the circuit shown in 
Figure 15 may be used; otherwise, three-state buffers can 
be used to provide isolation while programming the mode, 
If diodes are used to program the mode, the diode for- 
ward voltage drop must not exceed the Vippp mini- 
mum. 





MEMORY MAPS 


The MC6801U4/MC6803U4 can provide up to 64K- byte 
address space, depending on the operating mode. A 
memory map for each operating mode is shown in Figure 
16. The first 32 locations of each map are reserved for 
the internal register area, as shown in Table 4, with ex- 
ceptions as indicated. 
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RESET 
Port 1 Port 3 
8 1/O Lines 8 Lines 
16-Bit Timer Multiplexed Data Address 
Port 2 
i/OiLines eerts 
8 Lines 
Serial 1/0 ‘Address Bus 
16-Bit Timer 
VCC 








8 Data Bus 
CJ | (DO-D7) 
Vcc Standby 
RESET Address Bus 
= 1 a a te 
IRQ) R/W 
a ees (eee ee ee 
81/0 
16-Bit Timer 
Port 2 
51/0 
SCI 
Timer + 


NOTE: To avoid data bus (port 3) contention in the expanded multiplexed modes, memory devices should be enabled only during E high time. 


Figure 12. Expanded-Multiplexed Configuration 


GND 
. AS 


Bites SN74LS373 


: A AO- 
Address/ Data (Typical) ddress AO-A7 





Data DO-D7 


Figure 13. Typical Latch Arrangement 
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See Figure 15 
for Diode Arrangement 














VMPDD 
V 
(P20, P21, P22) en 
V ; ad dati ee ode Latch 
Mode Inputs MPH Min RESET ae Level 
(P20, P21, P22) 


MODE PROGRAMMING (Refer to Figure 14) 


BS 
Mode Programming Input Vokage Low For Ta=0-70%0) SSS Pt 
7 ee 
V 
= 
ns 








[Mode Programming Diode Differential (f Diodes are Used) For Ta=0-700) | Vmpoo [08 | - | V__ 






Mode Programming Setup Time 


Mode Programming Hold Time ; 
RESET Rise Time2=1 ys tMPH 0 
RESET Rise Time<1 ys 100 


NOTE: : 
For Ta= — 40-85°C, ViqpL Max=1.7, and Vippp Min=0.4 












Figure 14. Mode Programming Timing 


Table 3. Mode Selection Summary 















Modee| Pez |ret| rco|mom|nam | Vecwre | Mode | operating Mose 
. |Mode* || PC2 | PC1 | PCO RAM | Vectors Mode Operating Mode 

P7 pe tetaye ys |) || | Single Chip 
ce aa [| ox | Watipiexed/ Partial Decode _| 
Ts fa fe pate [1 [1 —[nmux® 3 |Nonmultiplexed/Partial Decode| 
Ae ee Undefined 
Ps pt eee fe _ | woxt | Mutiplexec RAM 
Cae uxt Matipiexea 7a 
ix (2,3) [ Mitipiexea RAM and ROM] 
Poppe xt Matipiexed Test 





LEGEND 
| — Internal 
E — External 


MUX — Multiplexed 
NMUX — Nonmultiplexed 


L — Logic “0” 
H — Logic “1” 
NOTES: 


1. Addresses associated with ports 3 and 4 are considered external in modes 0, 2, and 3. 
2. Addresses associated with port 3 are considered external in modes 1, 5, and 6. 
3. Port 4 default is user data input; address output is optional by writing to port 4 data direction 


register. . 
4. Mode 4 is a nonuser mode and should not be used as an operating mode. 
5. Mode 3 has the internal RAM and internal registers relocated at $D000-$DOFF. 
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Vcc 


R2 MC6801U4 
MC6803U4 
ta 6 
RESET 


6 ee eee 
i ieee ee ee 
i ee aa 


o. 
oe 


NOTES: 


1. 


5. 


Mode 7 as shown 


2. R2°C = Reset time constant 
3; 
4. D=1N914, 1N4001 in the 0 to 70°C range 


R1=10 k (typical) 


D=1N270, MBD201 in the — 40 to 85°C range 
Diode V¢ should not exceed Viyppp min. D¥ D 


NOTES: 


1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
SOF. 

2) The interrupt vectors are at $BFFO-SBFFF. 

3) There must be no overlapping of internal and 
external memory spaces to avoid driving the 
data bus with more than one device. 


P21 (PC1) 
P22 (PC2) 


Mode 
Control 
Switches 





MC6801U4 
Mode 


4) This mode is the only mode which may be 
used to examine the entire ROM using an ex- 
ternal RESET vector. 

5) Modes 5-7 can be irreversibly entered from 
mode 0 by writing to the PCO-PC2 bits of the 
port 2 data register. 





Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 1 of 4) 
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MC6801U4 
Mode 


- Multiplexed/RAM & ROM 


Yi 









$0000{1) 
Internal Registers 


$001F 
External Memory Space 


$0040 
Internal RAM 
SOOFF 


External Memory Space 


$FOO0 b 
Y 
Internal ROM 
SFFEF | Yj 
SFFFO ae) External Interrupt Vectors 
SFFFF | 
NOTES: 


1) Excludes the following addresses which 
may be used externally: $04, $06, and $0F. 

2) Internal ROM addresses $FFFO to $FFFF 
are not usable. 

3) Address lines A8-A15 will not contain ad- 
dresses until the data direction register 
for port 4 has been written with ‘1s” in 
the appropriate bits. These address lines 
will assert ‘1s’ until made outputs by 
writing the data direction register. 


MC6801U4 
MC6803U4 
Mode 


2 





' Multiplexed/RAM 





$9000(1) 
Internal Registers 


‘$OO1F 
External Memory Space 


$0040 
Internal RAM 


SOOF F 


External Memory Space 








$FFFO 


SFEFF ; External Interrupt Vectors 


NOTE: 
1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
SOF. 


Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 2 of 4) 
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MC6801U4 
Mode 


Nonmultiplexed/Partial Decode 


$0000!) 
Internal Registers 
$001F 


MC6801U4 
MC6803U4 








Multiplexed/ RAM 






Unusable 
$0040 
External Memory Space Internal RAM 
SOOFF 
$0100 
External Memory Space 
$O1FF 


y E000 WYHjy. Internal Registers(1, 2) | 


Unusable 


External Memory Space Internal ROM 





SFFFO 
oy aa | External Interrupt Vectors ae internal Interrupt Vectors 
NOTES: NOTES: 

1) Relocating the internal registers and the inter- 1) Excludes the following addresses which may 
nal RAM to high memory allows the pro- not be used externally: $04, $06, and SOF (no 
cessor to make use of direct addressing. 10S). 

2) Excludes the following addresses which may 2) Address lines AO to A7 will not contain ad- 
be used externally: $D004, $D005, $D006, dresses until the data direction register for 
$D007, and $DOOF. port 4 has been written with ‘1s’ in the ap- 


propriate bits. These address lines will assert 
“1s until made outputs by writing the data 
direction register. 


Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 3 of 4) 
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MC6801U4 
Mode > 


Multiplexed/Partial Decode 


$0000(1) WH 


$001F 





Internal Registers — 


External Memory Space 


oon eee 


External Memory Space 


“WY 


Internal ROM 





Internal Interrupt Vectors 





SFFFF 


NOTES: 

1) Excludes the following addresses which may 
be used externally: $04, $06, SOF. 

2) Address lines A8-A15 will not contain ad- 
dresses until the data direction register for 
port 4 has been written with “1s” in the ap- 
propriate bits. These address lines will assert 
‘1s"’ until made outputs by writing the data 
direction register. 


MC6801U4 
Mode 


Single Chip 
pais Internal Registers 
$001F 
Unusable 
$0040 
Internal RAM 
SOOFF 
Unusable 
$FOOO 
Internal ROM 
Internal Interrupt Vectors 
SFFFF 


Figure 16. MC6801U4/MC6803U4 Memory Maps (Sheet 4 of 4) 
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Table 4. Internal Register Area 


| Address | 
Other 
Register —— = 3 


Port 1 Data Direction Register* * * 
Port 2 Data Direction Register* * * 
Port 1 Data Register 
Port 2 Data Register 














Port 3 Data Direction Register* * * 
Port 4 Data Direction Register* * * 
Port 3 Data Register 
Port 4 Data Register 
Timer Control and Status Register 
Counter (High Byte) 

Counter (Low Byte) 

Output Compare Register (High Byte) 















Output Compare Register (Low Byte) 
Input Capture Register (High Byte) 

Input Capture Register (Low Byte) 
Port 3 Control and Status Register 










Rate and Mode Control Register 
Transmit/ Receive Control and Status Register 
Receive Data Register 

Transmit Data Register 
RAM Control Register 
Counter Alternate Address (High Byte) 
Counter Alternate Address (Low Byte) 
Timer Control Register 1 


















Timer Control Register 2 
Timer Status Register 

Output Compare Register 2 (High Byte) 
Output Compare Register 2 (Low Byte) 






Output Compare Register 3 (High Byte) 
Output Compare Register 3 (Low Byte) 
Input Capture Register 2 (High Byte) 

Input Capture Register 2 (Low Byte) 


* External addresses in modes 0, 1, 2, 3, 5, and 6 cannot be 
accessed in mode 5 (no IOS). 
* *External Addresses in Modes O, 2, and 3. 


MC6801U4/MC6803U4 INTERRUPTS 


The M6801 Family supports two types of interrupt re- 
quests: maskable and nonmaskable. A nonmaskable in- 
terrupt (NMI) is always recognized and acted upon at the 
completion of the current instruction. Maskable inter- 
rupts are controlled by the condition code register | bit 
and by individual enable bits. The | bit controls all mask- 
able interrupts. Of the maskable interrupts, there are two 
types: IRQ1 and IRQ2. The programmable timer and se- 
rial communications interface use an internal IRQ2 in- 
terrupt line, as shown in the block diagram. External 
devices and !S3 use IRQ1. An IRQ? interrupt is serviced 
before IRQ2 if both are pending. 




















NOTE 


After reset, an NMI will not be serviced until the 
first program load of the stack pointer. Any NMI 
generated before this load will be remembered by 
the processor and serviced subsequent to the stack 
pointer load. 


All IRO2 interrupts use hardware-prioritized vectors. 
The single SCI interrupt and three timer interrupts are 
serviced in a prioritized order, and each is vectored to a 
separate location. All interrupt-vector locations are shown 
in Table 5. In mode 0, reset and interrupt vectors are 
defined as $BFFO-$BFFF. 

The interrupt flowchart, which is depicted in Figure 17, 
is common to every Interrupt excluding reset. During in- 
terrupt servicing, the program counter, index register, A 
accumulator, B accumulator, and condition code register 
are pushed to the stack. The | bit is set to inhibit maskable 
interrupts, and a vector is fetched corresponding to the 
current highest-priority interrupt. The vector is trans- 
ferred to the program counter, and instruction execution 
is resumed. Interrupt and RESET timing are illustrated in 
Figures 18 and 19. 








** *71= Output, O= Input 


Table 5. MCU Interrupt-Vector Locations 


rise vse | 1s6 


RESET 
Nonmaskable Interrupt** 
Software Interrupt 


Maskable Interrupt Request 1 
Input Capture Flag* 
Output Compare Flag* 
FFF3 | Timer Overflow Flag* 
Serial Communications Interface* 





*/RQ2 interrupt 
* * NMI must be armed (by accessng stack pointer) before an 
NMI is executed. 
** * Mode 4 interrupt vectors are undefined. 
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Figure 17. Interrupt Flowchart 
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#4 #5 #8 #9 #10 #11 #12 
| Bit Set 
Op Code Op Code SP(n) SP(n-1) SP(n-2) SP(n-3) SP(n-4) SP(n-5) SP(n-6) SP(n-7) Vector Vector New PC 
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—>| |< tpcs 
—>| «Pcs 
Op Code Op Code PCO-7 PC8-15 X 0-7 xX 8-15 ACCA ACCB CCR Irrelevant Vector Vector First Inst. of 

Data MSB LSB ___siInterrupt Routine 


Figure 18. Interrupt Sequence 
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Figure 19. RESET Timing 
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FUNCTIONAL Ee DESCRIPTIONS 


Vcc AND Vss_ 


Vcc and Vssg provide power toa cians portion of the 
MCU. The power supply should provide +5 volts (+5%) 
to Vcc, and Vsg should be tied to ground. Total power 
dissipation (incuding Vcc ena will not exceed Pp 
milliwatts. 


Vcc STANDBY 


Vcc standby provides power to the standby portion 
($40 through $5F in all modes except mode 3, which is 
$D040 through $D05F) of the RAM, and the STBY PWR 
and RAME bits of the RAM control register. Voltage re- 
quirements depend on whether the device is in a pow- 
erup or powerdown state. In the powerup state, the power 
supply should provide +5 volts (+5%) and must reach 
VsB volts before RESET reaches 4.0 volts. During pow- 
erdown, Vcc standby must remain above Vspp (mini- 
mum) to sustain the standby RAM and STBY PWR bit. 
While in powerdown Sperenon: the standby current will 
not exceed Ispp. 

It is typical to power both Vcc and Vcc standby from 
the same source during normal operation. A diode must 
be used between them to prevent supply power to VCC 
during powerdown operation. 





XTAL AND EXTAL 


These two input pins interface either a crystal or TTL- 
compatible clock to the MCU internal clock geneator. Di- 
vide-by-four circuitry is included which allows use of the 
inexpensive 3.58-MHz or 4.4336-MHz color-burst TV crys- 
tals. A 20-pF capacitor should be tied from each crystal 
pin to ground to ensure reliable startup and operation. 
Alternatively, EXTAL may be driven by an external TTL- 
compatible clock at 4 fo with a duty cycle of 50% (+5%) 
with XTAL connected ground. 

The internal oscillator is designed to interface with an 
AT-cut quartz crystal resonator operated in parallel res- 
onance mode in the frequency range specified for fx TAL. 
The crystal should be mounted as close as possible to 
the input pins to minimize output distortion and startup 
stabilization time. The MCU is compatible with most com- 
mercially available crystals. Nominal crystal parameters 
are shown in Figure 20. 


RESET 


This input is used to reset the internal state of the de- 
vice and provide an orderly startup procedure. During 
powerup, RESET must be held below 0.8 volts: 1) at least 
tRc after Vcc reaches 4.75 volts to provide sufficient time 
for the clock generator to stabilize, and 2) until Vcc standby 
reaches 4.75 volts. RESET must be held low at least three 
E cycles if asserted during powerup operation. 








E (ENABLE) 


This is an output clock used primarily for bus synchro- 
nization. It is TTL compatible and is the slightly skewed 
divide-by-four result of the device input clock frequency. 
It will drive one Schottky TTL load and 90 pF, and all data 


given in cycles are referenced to this clock unless oth- . 
erwise noted. 


NMI (NONMASKABLE INTERRUPT) | 


An NMI negative edge requests an MCU interrupt se- 
quence, but the current instrution will be completed be- 
fore it responds to the request. The MCU will then begin 
an interrupt sequence. Finally, a vector is fetched from 
$FFFC and $FFFD ($BFFC and $BFFD in mode 0), trans- 
ferred to the program. counter, and instruction execution 
is resumed. NMI typically requires. a 3.3 kQ (nominal) 
resistor to Vcc. There is no internal NMI pullup resistor. 
NMI must be held low for at least one E-cycle to be 
recognized under all conditions. 


NOTE 
After reset, an NMI will not be serviced until the 
first program load of the stack pointer. Any NMI 


generated before this load will remain pending by 
the processor. 


IRQ1 (MASKABLE INTERRUPT REQUEST 1) 


IRQ1 is a level-sensitive input that can be used to re- 
quest an interrupt sequence. The MPU will complete the 
current instruction before it responds to the request. If 
the interrupt mask bit (| bit) in the condition code register 
is clear, the MCU will begin an interrupt sequence. A 
vector is fetched from $FFF8 and $FFF9 ($BFF8 and $BFF9 
in mode 0), transferred to the program counter, and in- 
struction execution is resumed. 

IRQ1 typically requires an external 3.3 kQ (nominal) 
resistor to Vcc for wire-OR applications. IRQ1 has no 
internal pullup resistor. 





SC1 AND SC2 (STROBE CONTROL 1 AND 2) 


The function of SC1 and SC2 depends on the operating 
mode. SC1 is configured as an output in all modes except 
single-chip mode; whereas, SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 


SC1 and SC2 in Single-Chip Mode 


In single-chip mode, SC1 and SC2 are configured as 
an input and output, respectively, and both function as 
port 3 control lines. SC1 functions as IS3 and can be used 
to indicate that port 3 input data is ready or output data 
has been accepted. Three options associated with IS3 are 
controlled by the port 3 contol and status register and 
are discussed in the port 3 description; refer to P30-P37 
(PORT 3). If unused, IS3 can remain unconnected. 

SC2 is configured as OS3 and can be used to strobe 
output data or acknowledge input data. It is controlled 
by output strobe select (OSS) in the port 3 control and 
status register. The strobe is generated by a read (OSS = 0) 
or write (OSS = 1) to the port 3 data register. OS3 timing 
is shown in Figure 3. 


SC1 and SC2 in Expanded-Nonmultiplexed Mode 


In the expanded-nonmultiplexed mode, both SC1 and 
SC2 are configured as outputs. SC1 functions as input/ 
output select (IOS) and is asserted only when $0100 
through $01FF is sensed on the internal address bus. 
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(a) Nominal Recommended Crystal Parameters 


Nominal Crystal Parameters'* 


30-50 Q 


3.5 pF 6.5 pF 4-6 pF 
0.015 pF 0.025 pF 0.01-0.02 pF 
>40 K >30 K >20 K 





*#NOTE: These are representative AT-cut crystal parameters only. Crystals of other 
types of cut may also be used. 


MC6801U4 


2 2 —_________—4[ ]}+_—_____— 3 


U 


t¢ Loh 


Cy = 20 pF (typical) 


Equivalent Circuit 


NOTE 
TTL-compatible oscillators may 
be obtain from: 


Motorola Component Prod- 
ucts 
Attn: Crystal Clock Oscillators 
2553 N. Edgington St. 
Franklin Park, IL 60131 
Tel: 312-451-1000 
Telex: 433-0067 





(b) Oscillator Stabilization Time (trac) 


SS 


RESET 
—_ a 
tRC 


Oscillator 
Stabilization 
Time, tac 





Figure 20. MC6801U4/MC6803U4 Family Oscillator Characteristics 
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SC2 is configured as read/write and is used to control 
the direction of data bus transfers. An MPU read is en- 
abled when read/write and E are high. 


SC1 and SC2 in Expanded-Multiplexed Mode 


In the expanded-multiplexed modes, both SC1 nd SC2 
are configured as outputs. SC1 functions as address strobe 
and can be used to demultiplex the eight least-significant 
addresses and the data bus. A latch controlled by address 
strobe captures the lower address on the negative edge, 
as shown Figure 13. . . 

SC2 is configured as read/write and is used to control 
the direction of data bus transfers. An MPU read is en- 
abled when read/write and E are high. 


P10-P17 (PORT 1) 


Port 1 is a mode-independent 8-bit 1/O and timer port. 
Each line can be configured as either an input or output 
as defined by the port 1 data direction register. Port 1 
bits 0, 1, and 2 (P10, P11, and P12) can also be used to 
exercise one input edge function and two output compare 
functions of the timer. The TTL-compatible three-state 
buffers can drive one Schottky TTL load and 30 pF, Dar- 
lington transistors or CMOS devices using external pul- 
lup resistors. It is configured as a data input port during 
RESET. Unused pins can remain unconnected. 





P20-P24 (PORT 2) 


Port 2 is a mode-independent 5-bit multipurpose 1/O 
port. The voltage levels present on P20, P21, and P22 on 
the rising edge of RESET determine the operating mode 
of the MCU. The entire port is then configured as a data 
input port. The port 2 lines can be selectively cofigured 
as data output lines by setting the appropriate bits in the 
port 2 data direction register. The port 2 data register is 
used to move data through the port. However, if P21 is 
configured as an output, it is tied to the timer output 
compare 1 function and cannot be used to provide output 
from the port 2 data register unless output enable 1 (OE1) 
is cleared in timer control register 1. 

Port 2 can also be used to provide an interface for the 
serial communications interface and the timer input edge 
function. These configurations are described in SERIAL 
COMMUNICATIONS INTERFACE and PROGRAMMABLE 
TIMER. 

The port 2 three-state TTL-compatible output buffers 
are capable of driving one Schottky TTL load and 30 pF 
or CMOS devices using external pullup resistors. 





PORT 2 DATA REGISTER 


7 6 5 hey 3 25 2 1 0 
$03 


P30-P37 (PORT 3) 


Port 3 can be configured as an |/O port, a bidirectional 
8-bit data bus, or a multiplexed address/data bus de- 
pending on the operating mode. The TTL-compatible 
three-state output buffers can drive one Schottky TTL 
load and 90 pF. Unused lines can remain unconnected. 





Port 3 in Single-Chip Mode 

Port 3 is an 8-bit I/O port in the single-chip mode with 
each line configured by the port 3 data direction register. 
There are also two lines, IS3 and OS3, which can be used 
to control port 3 data transfers. 

Three port 3 options are controlled by the port 3 control 
and status register and are available only in single-chip 
mode: 1) port 3 input data can be latched using IS3 as a 
control signal, 2) OS3 can be generated by either an MPU 
read or write to the port 3 data register, and 3) an IRQ1 
interrupt can be enabled by an |S3 negative edge. Port 3 
latch timing is shown in Figure 4. 


PORT 3 CONTROL AND STATUS REGISTER 


Bits 0-2 Not used. 


Bit3 Latch Enable — This bit controls the input latch 
for port 3. If set, input data is latched by an 1IS3 
negative edge. The latch is transparent after a 
read of the port 3 data register. Latch enable is 
cleared during reset. 


Bit 4 Output Strobe Select (OSS) — This bit deter- 
mines whether OS3 will be generated by a read 
or write of the port 3 data register. When clear, 
the strobe is generated by a read; when set, it 
is generated by a write. OSS is cleared during 
reset. 


BitS Not used. 


Bit6 1S3 IRQ1 Enable — When set, an IRQ1 interrupt 
will be enabled whenever the !S3 flage is set; 
when clear, the interrupt is inhibited. This bit is 
cleared during reset. 


Bit 7 IS3 Flag — This read-only status bit is set by an 
IS3 negative edge. It is cleared by a read of the 
port 3 data register or during reset. 


Port 3 in Expanded-Nonmultiplexed Mode 


Port 3 is configured as a bidirectional data bus (D7-DO) 
in the expanded-nonmultiplexed mode. The direction of 
data transfers is controlled by read/write (SC2). Data is 
clocked by E (enable). 


Port 3 in Expanded-Multiplexed Mode 

Port 3 is configured as a time-multiplexed address (A7- 
AO), and data bus (D7-DO) in the expanded-multiplexed 
mode where AS can be used to demultiplex the two buses. 
Port 3 is held in a high-impedance state between valid 
address and data to prevent bus conflicts. 


P40-P47 (PORT 4) 


Port 4 is configured as an 8-bit I/O port, as address 
outputs, or as data inputs depending on the operating 
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mode. Port 4, which can drive one Schottky TTL load and 
90 pF, is the only port with intern! pullup resistors. Un- 
used lines can remain unconnected. 


Port 4 in Single-Chip Mode 


In single-chip mode, port 4 functions as an 8-bit I/O 
port with each line configured by the port 4 data direction 
register. Internal pullup resistors allow the port to directly 
interface with CMOS at 5-volt levels. However, external 
pullup resistors to more than 5 volts cannot be used. 


Port 4 in Expanded-Nonmultiplexed Mode 


Port 4 is configured from reset as an 8-bit input port 
where the port 4 data direction register can be written to 
provide any or all of eight address lines AO to A7. Internal 
pullup resistors pull the lines high until the port 4 data 
direction register is configured. 


Port 4 in Expanded-Multiplexed Mode 


In all expanded-multiplexed modes except modes 1 
and 6, port 4 functions as half of the address bus and 
provides A8 to A15. In modes 1 and 6, the port is confi- 
gured from reset as an 8-bit parallel input port where the 
port 4 data direction register can be written to provide 
any or all of upper address lines A8 to A15. Internal pullup 
resistors pull the lines high until the port 4 data direction 
register is configured where bit 0 controls A8. 


RESIDENT MEMORY 


The MC6801U4 provides 4096 bytes of on-chip ROM 
and 192 bytes of on-chip RAM. 

Thirty-two bytes of the RAM ae powered through the 
Vcc standby pin and are maintainable during Vcc power- 
down. This standby portion of the RAM consists of 32 
bytes located from $40 through $5F in all modes except 
mode 3, which is $D040 through $DO5F. 

Power must be supplied to Vcc standby if the internal 
RAM is to be used, regardless of whether standby power 
Operation is anticipated. 

The RAM is controlled by the RAM control register. 


RAM CONTROL REGISTER ($14) 


The RAM control register includes two bits, which can 
be used to control RAM accesses and to determine the 
adequacy of the standby power source during power- 
down operation. It is intended that RAME be cleared and 
STBY PWR be set as part of a powerdown procedure. 


RAM CONTROL REGISTER 





Bits 0-5 Not used. 


Bit6 RAM Enable — This read/write bit can be used 
to remove the entire RAM from the internal mem- 
ory map. RAME is set (enabled) during reset pro- 
vided standby power is available on the positive 


edge of RESET. If RAME is clear, any access to 
a RAM address is external. If RAME is set, the 
RAM is included in the internal map. 


Bit 7 Standby Power — This bit is a read/write status 
bit that, when cleared, indicates Vcc standby has 
decreased sufficiently below VSBB (minimum) to 
make data in the standby RAM suspect. It can be 
set only by software and is not affected during 
reset. 


PROGRAMMABLE TIMER 


The programmable timer can be used to perform meas- 
urements on two separate input waveforms while inde- 
pendently generating three output waveforms. Pulse 
widths can vary from several microseconds to many sec- 
onds. A block diagram of the timer is shown in Figure 
21. 


COUNTER ($09:0A), ($15, $16) 


The key timer element is a 16-bit free-running counter 
that is incremented by E (enable). It is cleared during reset 
and is read-only with one exception: in mode 0 a write 
to the counter ($09) will configure it to $FFF8. This feature, 
intended for testing, can disturb serial operations be- 
cause the counter provides the SCI internal bit rate clock. 
The TOF is set whenever the counter contains all ones. 
If ETOI is set, an interrupt will occur when the TOF is set. 
The counter may also be read as $15 and $16 to avoid 
inadvertently clearing the TOF. 


OUTPUT COMPARE REGISTERS ($0B:0C), ($1A:1B), 
($1C:1D) 


The three output compare registers are 16-bit read/ 
write registers, each used to control an output waveform 
or provide an arbitrary time-out flag. They are compared 
with the free-running counter during the negative half of 
each E cycle. When a match occurs, the corresponding 
output compare flag (OCF) is set, and the corresponding 
output level (OLVL) is clocked to an output level register. 
If both the corresponding output enable bit and data di- 
rection register bit are set, the value represented in the 
output level register will appear on the corresponding 
port pin. The appropriate OLVL bit can then be changed 
for the next compare. 

The function is inhibited for one cycle after a write to 
its high byte ($0B, $1A, or $1C) to ensure a valid compare 
after a double-byte write. Writes can be made to either 
byte of the output compare register without affecting the 
other byte. The OLVL value will be clocked. out inde- 
pendently of whether the OCF had previously been 
cleared. The output compare registers are set to $FFFF 
during reset. 


INPUT CAPTURE REGISTERS ($0D:0E), ($1E:1F) 


The two input capture registers are 16-bit read-only 
registers used to store the free-running counter when a 
“proper” input transition occurs as defined by the cor- 
responding input edge bit (IEDG1 or IEDG2). The input 
pin’s data direction register should be configured as an 
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Figure 21. Block Diagram of Programmable Timer 
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input, but the edge detect circuit always senses P10 and 
P20 even when configured as an output. The counter 
value will be latched into the into capture registers on 
the second negative edge of the E clock following the 
transition. 

As input capture can occur independently of ICF; the 
register always contains the most current value. How- 
ever, counter transfer is inhibited between accesses of a 
double-byte MPU read. The input pulse width must be at 
least two E cycles to ensure an input capture under all 
conditions. 


TIMER CONTROL AND STATUS REGISTERS 


Four registers are used to provide the MC6801U4/ 
MC6803U4 with control and status information about the 
three output compare functions, the timer overflow func- 
tion, and the two input edge functions of the timer. They 
are as follows: 

Timer Control and Status Register (TCSR) 
Timer Control Register 1 (TCR1) 

Timer Control Register 2 (TCR2) 

Timer Status Register (TSR) 


Timer Control and Status Register (TCSR) ($08) 


The timer control and status register is an 8-bit register 
in which all bits are readable, while only bits 0-4 can be 
written. All the bits in this register are also accessible 
through the two timer control registers and the timer 
status register. The three most significant bits provide 
the timer status and indicate if 


1. a proper level transition has been detected at P20; 


2. a match has occurred between the free-running 
counter and output compare register 1; or 


3. the free-running counter has overflowed. 


Each of the three events can generate an IRQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 


TIMER CONTROL AND STATUS REGISTER 


7 6 5 4 3 2 ] 0 


BitO Output Level 1— OLVL1 is clocked to output level 
register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit in timer con- 
trol register 1 is set. OLVL1 and output level reg- 
ister 1 are cleared during reset. Refer to TIMER 
CONTROL REGISTER 1 (TCR1) ($17). 


Bit 1 Input Edge 1 — IEDG1 is cleared during reset and 
controls which level transition on P20 will trigger 
a counter transfer to input capture register 1: 
IEDG1=0 transfer on a negative-edge 
IEDG1=1 transfer on a positive-edge 
Refer to TIMER CONTROL REGISTER 1 (TCR1) ($17). 


Bit 2 Enable Timer Overflow Interrupt — When set, an 
IRQ2 interrupt will be generated when the timer 
overflow flag is set; when clear, the interrupt is 





inhibited ETOI is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Bit 3 Enable Output Compare Interrupt 1 — When set, 
an IRQ2 interrupt will be generated when output 
compare flag 1 is set; when clear,the interrupt is 
inhibited. EOCI1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Bit 4 Enable Output Capture Interrupt 1 — When set, 
an IRQ2 interrupt will be generated when input 
capture flag 1 is set; when clear, the interrupt is 
inhibited. EICI1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 





Bit 5 Timer Overflow Flag — The TOF is set when the 
counter contains all ones ($FFFF). It is cleared by 
reading the TCSR or the TSR (with TOF set) and 
the counter high byte ($09), or during reset. Refer 
to TIMER STATUS REGISTER (TSR) ($19). 


Bit6 Output Compare Flag 1— OCF1 is set when output 
compare register 1 matches the free-running 
counter. OCF1 is cleared by reading the TCSR or 
the TSR (with OCF1 set) and then writing to output 
compare register 1 ($0B or $0C), or during reset. 
Refer to TIMER STATUS REGISTER (TSR) ($19). 


Bit 7 Input Capture Flag — ICF1 is set to indicate that a 
proper level transition has occurred; it is cleared 
by reading the TCSR or the TSR (with ICF1 set) and 
the input capture register 1 high byte ($0D), or 
during reset. Refer to TIMER STATUS REGISTER 
(TSR) ($19). 


Timer Control Register 1 (TCR1) ($17) 


Timer control register 1 is an 8-bit read/write register 
containing the control bits for interfacing the output com- 
pare and input capture registers to the corresponding |/ 
O pins. 


TIMER CONTROL REGISTER 1 


7 6 5 4 | 2 1 0 


BitO Output Level 1 — OLVL1 is clocked to output level 
register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit is set. OLVL1 
and output level register 1 are cleared during reset. 
Refer to TIMER CONTROL AND STATUS REGIS- 
TER (TCSR) ($08). 


Bit 1 Output Level 2— OLVL2 is clocked to output level 
register 2 by a successful output compare and will 
appear at P11 if bit 1 of port 1 data direction reg- 
ister is set and the OE2 control bit is set. OLVL2 
and output level register 2 are cleared during reset. 
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Bit2 Output Level 3— OLVL3 is clocked to output level 
register 3 by a successful output compare and will 
appear at P12 if bit 2 of port 1 data direction reg- 
ister is set and the OE3 control bit is set. OLVL3 
and output level register 3 are cleared during reset. 


Bit3 Input Edge 1 — IEDG11 is cleared during reset and 
controls which level transition on P20 will trigger 
a counter transfer to inut capture register 1. 
IEDG1=0 transfer on a negative edge 
IEDG1=1 transfer on a positive edge 
Refer to TIMER CONTROL AND STATUS REGIS- 
TER (TCSR) ($08). 


Bit4 Input Edge 2 — IEDG2 is cleared during reset and 
controls which level transition on P10 will trigger 
a counter transfer to input capture register 2. 
lIEDG2=0 transfer on a negative edge 
lIEDG2=1 transfer on a positive edge 


Bit 5 Output Enable 1 — OE1 is set during reset and 
enables the contents of output level register 1 to 
be connected to P21 when bit 1 of port 2 data 
direction register is set. 

OE1=0 port 2 bit 1 data register output 
OE1=1 output level register 1 


Bit6 Output Enable 2— OE2 is cleared during reset and 
enables the contents of output level register 2 to 
be connected to P11 when bit 1 of port 1 data 
direction register is set. 

OE2=0 port 1 bit 1 data register Gutaur 
OE2=1 output level register 2 


Bit 7 Output Enable 3 — OE3 is cleared during reset and 
enables the contents of output level register 3 to 
be connected to P12 when bit 2 of port 1 data 
direction register is set 

OE3=0 port 1 bit 2 data register output 
OE3=1 output level register 3 


Timer Control Register 2 (TCR2) ($18) 


Timer control register 2 is an 8-bit read/write register 
(except bits 0 and 1), which enables the interrupts as- 
sociated with the free-running counter, the output com- 
pare registers, and the input capture registers. In test 
mode 0, two more bits (clock and test) are available for 
checking the timer. 


TIMER CONTROL REGISTER 2 
(Nontest Modes) 


7 6 5 4 3 2 1 0 
_fici2 | cic |eocis| roc joc} eri | 1 | 1 | 318 


Bits 0-1 Read-Only Bits — When read, these bits return 
a value of 1. Refer to TIMER CONTROL REG- 
ISTER 2 (Test Mode). 


Bit2 Enable Timer Overflow Interrupt — When set, an 
IRQ2 interrupt will be generated when the timer 


overflow flag is set; when clear, the interrupt in- 
hibited. ETOI is cleared during rest. Refer to TIMER 
CONTROL AND STATUS REGISTER (TCSR) ($08). 


Bit3 . Enable Output Compare Interrupt 1 — When set, 
an IRQ2 interrupt will be generated when the out- 
put compare flag 1 is set; when clear, the inter- 
rupt is inhibited. EOCI1 is cleared during reset. 
Refer to TIMER CONTROL AND STATUS REG- 
ISTER (TCSR) ($08). 





Bit4 Enable Output Compare Interrupt 2— When set, 
an IRQ2 interrupt will be generated when the out- 
put compare flag 2 is set; when clear, the inter- 
rupt is inhibited. EOCI2 is cleared during reset. 


BitS Enable Output Compare Interrupt 3 — When set, 
an IRQ2 interrupt will be generated when the out- 
put compare flag 3 is set; when clear, the inter- 
rupt is inhibited. EOCI3 is cleared during reset. 


Bit6 Enable Input Capture Interrupt 1— When set, an 
IRQ2 interrupt will be generated when the input 
capture flag 1 is set; when clear, the interrupt is 
inhibited. EICI1 is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER (TCSR) 
($08). 





Bit7 Enable Input Capture Interrupt 2— When set, an 
[IROQ2 interrupt will be generated when the input 
capture flag 2 is set; when clear, the interrupt is 
inhibited. EICI2 is cleaed during reset. 





The timer test bits (test and clock) allow the free-run- 
ning counter to be tested as two separate 8-bit counters 
to speed testing. 


TIMER CONTROL REGISTER 2 
(Test Modes) 


7 6 5 4 3 2 1 0 
70 


BitO CLOCK — The CLOCK control bit selects which 
half of the 16-bit free-running counter (MSB or 
LSB) should be clocked with E. The CLOCK bit is 
a read/write bit only in mode 0 and is set during 
reset. 


CLOCK =0— Only the eight most-significant bits 
of the free-running counter run with TEST =0. 


CLOCK = 1 — Only the eight least-significant bits 
of the free-running counter run when TEST =0. 


Bit 1 TEST — The TEST control bit enables the timer 
test mode. TEST is a read/write bit in mode 0 and 
is set during reset. 


TEST =0 — Timer test mode enabled: 
a) The timer LSB latch is transparent, which 
allows the LSB to be read independently of 
the MSB. 
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b) Either the MSB or the LSB of the timer is 
clocked by E, as defined by the CLOCK bit. 


TEST =1— Timer test mode disabled. 
Bits 2-7 See TIMER CONTROL REGISTER 2 (Nontest 


Modes). (These bits function the same as in the 
nontest modes.) 


Timer Status Register (TSR) ($19) 


The timer status register is an 8-bit read-only register 
which contains the flags associated with the free-running 
counter, the output compare registers, and the input cap- 
ture registers. 


TIMER STATUS REGISTER 
2 1 0 


7 6 5 4 3 
| icr2 | icet | oces | OCF3 | OCF2 | OCFI | TOF 1 1 $19 


Bits 0-1 Not used. 





Bit2 Timer Overflow Flag — The TOF is set when the 
counter contais all ones ($FFFF). It is cleared by 
reading the TSR or the TCSR (with TOF set) and 
then the counter high byte ($09), or during reset. 
Refer to TIMER CONTROL AND STATUS REG- 
ISTER (TCSR) ($08). 


Bit3 Output Compare Flag 1— OCF1 is set when out- 
put compare register 1 matches the free-running 
counter. OCF1 is cleared by reading the TSR or 
the TCSR (with OCF1 set) and then writing to 
output compare register 1 ($0B or $0C), or during 
reset. Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 


Bit4 Output Compare Flag 2 — OCF2 is set when out- 
put compare register 2 matches the free-running 
counter. OCF2 is cleared by reading the TSR (with 
OCF2 set) and then writing to output compare 
register 2 ($1A or $1B), or during reset. 


Bit5 Output Compare Flag 3 — OCF3 is set when out- 
put compare register 3 matches the free-runing 
counter. OCF3 is cleared by reading the TSR (with 
OCF3 set) and then writing to output compare 
register 3 ($1C or $1D), or during reset. 


Bit6 Input Capture Flag 1— ICF1 is set to indicate that 
a proper level transition has occurred; it is cleared 
by reading the TSR or the TCSR (with ICF1 set) 
and the input capture register 1 high byte ($0D), 
or during reset. Refer to TIMER CONTROL AND 
STATUS REGISTER (TCSR) ($08). 


Bit7 Input Capture Flag 2 — ICF2 is set to indicate that 
a proper level transition has occurred; it is cleared 
by reading the TSR (with ICF2 set) and the input 
capture register 2 high byte ($1E), or during reset. 


SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous SCI is provided with two 
data formats and a variety of rates. The SCI transmitter 
and receiver are functionally independent but use the 
same data format and bit rate. Serial data formats include 
standard mark/space (NRZ) and biphase; both provide 
one start bit, eight data bits, and one stop bit. ‘Baud’ 
and “bit rate’ are used synonymously in the following 
description. 


WAKE-UP FEATURE 


In a typical serial loop multiprocessor configuration, 
the software protocol will usually identify the addres- 
see(s) at the begining of the message. To permit unin- 
terested MPUs to ignore the remainder of the message, 
wake-up feature is included whereby all further SCI re- 
ceiver flag (and interrupt) processing can be inhibited 
until its data line goes idle. An SCI receiver is re-enabled 
by an idle string of eleven consecutive ones or during 
reset. Software must provide for the required idle string 
between consecutive messages and must prevent it within 
messages. 


PROGRAMMABLE OPTIONS 
The following featues of the SCI are programmable: 

@ Format: standard mark/space (NRZ) or biphase 

@ Clock: external or internal bit rate clock 

@ Baud: one of eight per E clock frequency or ex- 
ternal clock (x 8 desired baud) 

@ Wake-Up Feature: enabled or disabled 

@® Interrupt Requests: enabled individually for trans- 
mitter and receiver 

e@ Clock Output: internal bit rate clock enabled or 
disabled to P22 


SERIAL COMMUNICATIONS REGISTERS 


The SCI includes four addressable registers as depicted 
in Figure 22. It is controlled by the rate and mode control 
register and the transmit/receive control and status reg- 
ister. Data are transmitted and received utilizing a write- 
only transmit register and a read-only receive register. 
The shift registes are not accessible to software. 


Rate and Mode Control Register (RMCR) ($10) 


The rate and mode control register controls the SCI bit 
rate, format, clock source, and, under certain conditions, 
the configuration of P22. The register consists of five 
write-only bits which are cleared during reset. The two 
least-significant bits, in conjunction with bit 7, control the 
bit rate of the internal clock, and the remaining two bits 
control the format and clock source. 


RATE AND MODE CONTROL REGISTER 


7 6 5 4 3 2 1 0 


Bit 1:Bit0 S$S1:SS0 Speed Select — These two bits select 
the baud when using the internal clock. Eight 
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Figure 22. SCI Registers 


rates may be selected (in conjunction with bit 
7) which are a function of the MCU input fre- 


quency. Table 6 lists bit times and rates for 


three selected MCU frequencies. 


Bit 3:Bit 2 CC1:CCO Clock Control and Format Select — 
These two bits control the: format and select 
the serial clock source. If CC1 is set, the DDR 
value for P22 is forced to the complement of 
CCO and cannot be altered until CC1 is cleared. 
If CC1 is cleared after having been set, its DDR 
value is unchanged. Table 7 defines the for- 
mats, clock source, and use of P22. 


Bits 4-6 a 
~ Not used. 

Bit 7 EBE Enhanced Baud Enable — EBE selects the 
standard MC6801 baud rates when clear and 
the additional baud rates when set (Table 6). 
This bit is cleared by reset and is a write-only 
control bit. | 

Bit 1:Bit1 EBE=0 standard MC6801 baud rates 

Bit 1:Bit1 EBE=1 additional baud rates 


If both CC1 and CCO are set, an external TTL-compatible 
clock must be connected to P22 at eight times (8 x) the 
desired bit rate, but not greater than E, with a duty cycle 


of 50% ( + 10%). If CC1:CCO = 10, the internal bit rate clock 
is provided. at P22 regardless of the values for TE or RE. 


NOTE 


_ The source of SCI internal bit rate clock is the 
timer free-running counter. An MPU write to the 
counter in mode 0 can disturb serial operations. 


Transmit/Receive Control and Status Register (TRCSR) 
($11) 


The transmit/receive control and status register con- 
trols the transmitter, receiver, wake-up feature, and two 
individual interrrupts, and monitors the status of serial 
operations. All eight bits are readable; bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 





TRANSMIT/RECEIVE CONTROL AND STATUS REGISTER 


7 6 5 4 3 2 1 0 
si 


Bit 0 Wake-Up on Idle Line — When set, WU enables the 
wake-up function; it is cleared by eleven consecu- 
tive ones or during reset. WU will not be set if the 
line is idle. Refer to WAKE-UP FEATURE. 


Bit 1 Transmit Enable — When set, P24 DDR bit is set, 
cannot be changed, and will remain set if TE is 


MOTOROLA MICROPROCESSOR DATA — 


3-158 





Bit 2 


Bit 3 


Bit 4 


Bit 5 


Bit 6 


MC6801U4/6803U4 


Table 6. SCI Bit Times and Rates 
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subsequently cleared. When TE is changed from 
clear to set, the transmitter is connected to P24 and 
a preamble of nine consecutive ones is transmitted. 
TE is cleared during reset. 


Transmit Interrupt Enable — When set, an IRQ2 is 
set; when clear, the interrupt is inhibited. TE is 
cleared during reset. 


Receive Enable — When set, the P23 DDR bit is 
cleared, cannot be changed, and will remain clear 
if RE is subsequently cleared. While RE is set, the 
SCI receiver is enabled. RE is cleared during reset. 


Receiver Interrupt Enable — When set, an IRO2 
interrupt is enabled when RDRF and/or ORFE is set; 
when clear, the interrupt is inhibited. RIE is cleared 
during reset. 


Transmit Data Register Empty — TDRE is set when 
the transmit data register is transferred to the out- 
put serial shift register or during reset. It is cleared 
by reading the TRCSR (with TDRE set) and then 
writing to the transmit data register. Additional data 
will be transmitted only if TDRE has been cleared. 


Overrun Framing Error — If set, ORFE indicates 
either an overrun or framing error. An overrun is 
a new byte ready to transfer to the receiver data 
register with RDRF still set. A receiver framing error 
has occurred when the byte boundaries of the bit 
stream are not synchronized to the bit counter. An 
overrun can be distinguished from a framing error 
by the state of RDRF: if RDRF is set, then an overrun 
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has occurred; otherwise, a framing error has been 
detected. Data are not transferred to the receive 
data register in an overrun condition. Unframed 
data causing a framing error are transferred to the 
receive data register. However, subsequent data 
transfer is blocked until the framing error flag is 
cleared. ORFE is cleared by reading the TRCSR (with 
ORFE set) then the receive data register, or during 
reset. 


Bit 7 Receive Data Register Full — RDRF is set when the 
input serial shift register is transferred to the receive 
data register, or during reset. 


SERIAL OPERATIONS 


The SCI is initialized by writing control bytes first to 
the rate and mode control register and then to the trans- 
mit/receive control and status register. When TE is set, 
the output of the transmit serial shift register is connected 
to P24, and serial output is initiated by transmitting a 9- 
bit preambie of ones. 

At this point, one of two situations exists: 1) if the 
transmit data register is empty (TDRE=.1), a continuous 
string of ones will be sent indicating an idle line; or 2) if 
a byte has been written to the transmit data register 
(TDRE = 0), it will be transferred to the output serial shift 
register (synchronized with the bit rate clock), TDRE will 
be set, and transmission will begin. 

The start bit (0), eight data bits (beginning with bit 0), 
and a stop bit (1) will be transmitted. If TDRE is still set 
when the next byte transfer occurs, ones will be sent until 
more data Is provided. In biphase format, the output tog- 
gles at the start of each bit and at half-bit time when a 
one is sent. Receive operation is controlled by RE, which 
configures P23 as an input and enables the receiver. SCI 
data formats are illustrated in Figure 23. 


INSTRUCTION SET 


The MC6801U4/MC6803U4 is directly source compat- 
ible with the MC6801 and upward source and object code 
compatible with the MC6800. Execution times of key in- 
structions have been reduced, and several instructions 
have been added, including a hardware multiply. A list 
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Figure 23. SCI Data Formats 


of new operations added to the MC6800 instruction set 
is shown in Table 1. 

In addition, two special opcodes, 4E and 5E, are pro- 
vided for test purposes. These opcodes force the program 
counter to increment like a 16-bit counter, causing ad- 
dress lines used in the expanded modes to increment 
until the device is reset. These opcodes have no mne- 
monics. 

The coding of the first (or only) byte corresponding to 
an executable instruction is sufficient to identify the in- 
‘struction and the addressing mode. The hexadecimal 
equivalents of the binary codes, which result from the 
translation of the 82 instructions in all valid modes of 
addressing, are shown in Table 8. There are 220 valid 
machine codes, 34 unassigned codes, and 2 codes re- 
served for test purposes. 


PROGRAMMING MODEL 


A programming model for the MC6801U4/MC6803U4 
is shown in Figure 8. Accumulator A can be concatenated 
with accumulator B and jointly referred to as accumulator 
D where A is the most-significant byte. Any operation 
that modifies the double accumulator will also modify 
accumulators A and/or B. Other registers are defined as 
follows: 


Program Counter 


The program counter is a 16-bit register which always 
points to the next instruction. 


Stack Pointer 

~ The stack pointer is a 16-bit register which contains the 
address of the next available location in a pushdown/ 
pullup (LIFO) queue. The stack resides in randem-access 
memory at a location defined by the programmer. 


index Register 


The index register is a 16- bit reqiatet that can be used 
to store data or provide an address for the indexed mas 
of addressing. 


Accumulators © 


The MPU contains two 8-bit accumulators, A and B, 
which are used to store operands and results from the 


arithmetic logic unit (ALU). They can also be concaten- 
ated and referred to as the D (double) accumulator. 


Condition Code Register 


The condition code register indicates the results of an 
instruction and includes the following five condition bits: 
negative (N), zero (Z), overflow (V), carry/borrow from 
MSB (C), and half carry from bit 3 (H). These bits are 
testable by the conditional branch instructions. Bit 4 is 
the interrupt mask (I bit) and inhibits all maskable inter- 
rupts when set. The two unused bits, B6 and B7, are read 


as ones. 


ADDRESSING MODES 


Six addressing modes can be used to reference mem- 
ory. Asummary of addressing modes for all instructions 
is presented in Table 9, 10, 11, and 12; execution times 
are provided in E cycles. Instruction execution times are 
summarized in Table 13. With an input frequency of 4 
MHz, one E cycle is equivalent to one microsecond. A 
cycle-by-cycle description of bus activity for each instruc- 
tion is provided in Table 14; descriptions of selected in- 
structions are shown in Figure 24. 


Immediate Addressing 


The operand or “‘immediate byte(s)” is contained in the 
following byte(s) of the instruction where the number of 
bytes matches the size of the register. These are two- or 
three-byte instructions. 


Direct Address 


The least-significant byte of the Soetana address is 
contained in the second byte of the instruction, and the: 
most-significant byte is assumed to be $00. Direct ad- 
dressing allows the user to access $00 through $FF, using 
two-byte instructions, and execution time is reduced by 


eliminating the additional memory access. In most ap- 
plications, the 256-byte area is reserved for frequently 


referenced data. 


Extended Addressing 


The second and third bytes of the instruction contain 
the absolute address of the operand. These are three- 
byte instructions. 
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Table 8. CPU Instruction Map 


#1|OP $MNEM MODE ~ # | OP 


DES INHER 
TXS 
PSHA 
PSHB 
PULX 
RTS 
ABX 
RTI 
3C PSHX 
3D MUL 
3E WAI 
3F SWI COM 
40 NEGA LSR 
4 vo : 
ROR 
ASR 
ASL 
ROL 
DEC 
e 
INC 
TST 
JMP 
CLR 
SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
e 
EORA 
ADCA 
ORAA 
ADDA 
CPX 
BSR 
LDS 
e 
INCB 2 SUBA 
TSTB 2 1 CMPA 
T SBCA 
CLRB INHER ] SUBD 
NEG INDXD ANDA 
BITA 
LDAA 
STAA 
EORA 
ADCA 
ORAA 
ADDA 
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NOTES: 
1. Addressing Modes: 
INHER =Inherent INDXD = Indexed 
REL = Relative EXTND = Extended 


‘sone 


MNEM MODE ~ 


EXTND 
IMMED 





# |] OP MNEM MODE ~ # 
5 2100 SuBB OIR a 32 
5 2101 cMPB an 9 
4 2]02  SBcB a 
DIR 4 2]03 aApodDd 5 2 
INDXD 4 2]D4 ~ ANDB 3: 9 
4 2105. BITB S. 2 
4 2]06 LoAB ge 2 
6 2]07 STAB a. 2 
4 2]08 €0RB go. 2 
4 2}09 aoce Ba D 
4 2]0A  oRAB a 3 
4 21DB aADDB 3 2 
4 2]0C LOD 4 2 
4 2]o0b std 4 2 
6 3 4  2]DE Lox y 4 2 
6 3 4 2]oF STx oR 4 2 
6 3 6 2]£0 SUBB INDXD 4. 2 
6 3 6 2{4€1  CMPB 4 2 
6 3 5 2]€2 SBCB 4 2 
5 2/63 ADDD 6 2 
6 3 4  3]€4 ANOB a 9 
6 3 4 3/6 BiTB a. 
3. 3 4 3] LDAB a4 2 
6 3 6 3]? STAB 4 2 
me 4 3]€8 €0RB 4 2 
o «2 4 3/69 aAocB 4. 9 
2 2 4 3 ]£A ORAB a 7D 
4 3 4 3468 ADDB 4 2 
e 39 4 31€C LOD 5 2 
2 4 3 ]€D STD 5 2 
z 3 4 3 ])€€ LDx 5 2 
4 3 7 EF STX INDXD 5 2 
2 2 6 3]FO SUBB EXTND 4. 3 
2 2 6 3 ]F1  CMPB a 3 
2 2 5 3 ]F2 SBCB 4 3 
a? 3@ 5 3/F3 ADdDDd 6 3 
4° 24 2  24F4 ANDe 4 3 
6 2 2 215 BiTB 4 3 
3. 3 2  2]F6  LDAB 4 3 
4 3 /F7 STAB 4 3 
3. 2 2  24F8 €E0ORB 4 3 
3 2 2  21F9  ADCB 4 3 
3.2 2 2 /FA  oRAB Ao, 2 
5 2 FB ADDB 4 3 
3 2 2 2 {FC LDD 5 3 
3 2 2 2 FD sic 5 3 
3.2 9 2 FE cs 5 3 
3. 2 2 2 |r EXTIND § 3 
3 2 3. 3 
ate TH * _==\NED OP CODE 
3 2 a 23 
3 2 


IMMED = |mmediate 
DIR = Direct 


_ 2. Unassigned opcodes are indicated by ‘’*’”” and should not be executed. 
3. Codes marked by “‘T”’ force the PC to function as a 16-bit counter. 


Indexed Addressing 


The unsigned offset contained in the second byte of 
the instruction is added with carry to the index register 
and is used to reference memory without changing the 
index register. These are two-byte instructions. 


Inherent Addressing 


The operand(s) is a register, and no memory reference 
is required. These are single-byte instructions. 


Relative Addressing 


Relative addressing is used only for branch instruc- 
tions. If the branch condition is true, the program counter 


is overwritten with the sum of signed single-byte dis- 
placement in the second byte of the instruction and the 
current program counter. This provides a branch range 
of — 126 to + 129 bytes from the first byte of the instruc- 
tion. These are two-byte instructions. 


SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 14 provides a detailed description of the infor- 
mation present on the address bus, data bus, and the 


read/write (R/W) line during each cycle of instruction. 
The information is useful in comparing actual results 


with expected results during debug of both software and 
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Table 9. Index Register and Stack Manipulation Instructions 






Boolean/ 
Arithmetic Operation 





Condition Codes 
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Increment Index Register 
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Table 10. Accumulator and Memory Instructions (Sheet 1 of 2) 


Condition Codes 
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Table 10. Accumulator and Memory Instructions (Sheet 2 of 2) 
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Ad) binary sum to BCD 





—-1—77°%A 
-17>B 
@®M-—-A 
+1—->M 
+17°A 


xB->D 
0O0O-B-~B 
PC+1—*PC 
+M—A 
+M—-B 
— Stack 
— Stack 
tack —*A 
tack —* B 
} 1 
7 1916) 
HOUMRGER 
ty/ bo 
ema ET 


Ce] 
bi, 
t 
Tale : 
- I 
=} < [Utz mn cg (2) 


nag 
oO 
=> 
? i 
ola<tjaolSialo 8 tjaolctlao|lnlan < 
mi—T f=t-T TT te f-T TET -T-Tet T-]-[-T-TT-T-T-T TT T-y-{-T-PT-7-T J-J-]-7 1 
7 
£ N NN o oS 





A7>M 

BM 

D—M M+ 1 
A-M-*A 
B-M-*B 
D-MM+1—D 
M — 00 

A - 00 

B-00 












st tats} Tt ede? TTT tefefet [efsfef)]t [sfefe[ T felle[e[ [staf [sfefef TT TTT TT ais[ [aa 





st 
O}]@M]O Oo} CO] ca oO <x oO oO NENTS PR} a Oo] ~M 
St le] | efele? | fsiel2iey TT fel | TT [a Ee z| | Is S]2)a/5/2/ 8/2/83) | |e 
=] tet ft istetest 7 fefetsfeT [Tel TTT st steT 7 TT Te eT [etefetefeletefel [fel T_ | 
ey fel ft tefefel Tif efefe? TT fet TTT fel TT Tef=T TTT el 7 fel TT [st Pe[ste[ee[efel T yel f_ | 
< OQ} a]}oO O}o}O I| <a NINERTREQLOLo!Lm™m 
S| {s] | [efe{st | [else BE: 2/9] 25/8) 2] 2] 2 
EEOC RECS ECOEETTT Peteteetatat EL 








12 


Be eee toler ie) ea ers elsls|s) evel 
Se] TL | els) tT esis TT TT TT TTT sia) PTT TTT eisisisfetetsiay 
eee See eee eee eee eo Lae aeRO Seas 
Be SE ee eee a ee che sii 
S| {1 t feist [| [sistst | TT TT TTT TT TT isfs TPT TTT refed T ietefe 


<tj,~o}acyia oon ia a ee) qt} ajya qjal;a <}a I}/Djqjoliagciao <j} ao <}a <I}/m}at}| om Ija]}o : <t 
Z(2/O/S/=)=/S15/5)</< 18) a] 3/31 S/S] e|=/=/ 5/2) 9/S/8]s| <lz/z {SIS} a] S| 2 deca rsd Od Od ce ce Wed ed sd ed edd 
”n nlrn|~n ww nl|n m}aolrEfre =) wn 

a oloalalw) a) (4) 4] S/S} 4) ) 3] SS] | S/S] 2) S121 Sl e| 21S Sie ivi2zlz| <leie clc|Plalololan|@lalalalKlel-i2 








The condition code register notes are listed after Table 
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Table 11. Jump and Branch Instructions 
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Table 12. Condition Code Register Manipulation Instructions 


Condition Code Register 
Inherent 5 [43 [2] 1.| 0 
Operations | MNEM | Op | Boolean Operation | H 
Cc 













, ea 
= EC_| 00 | es 

| 7 | 08 | 

| | 06 _| 


Pe 
eee 
Ee 
AEs 
| ee 
Set Overflow fa 


Accumulator A—* CCR 
CCR-— Accumulator A TPA 


S 


1S 





LEGEND CONDITION CODE SYMBOLS 
Op Operation Code (Hexadecimal) ‘H_ Half-carry from bit 3 
Number of MPU Cycles Interrupt mask 


~ | 
Msp. Contents of memory location pointed to by Stack Pointer N Negative (sign bit) 

# Number of Program Bytes Z Zero (byte) 

+ Arithmetic Plus V Overflow, 2's complement 
— Arithmetic Minus C Carry/Borrow from MSB 
¢ Boolean AND R Reset Always 
X Arithmetic Multiply S Set Always 

+ Boolean Inclusive OR t Affected 

@ Boolean Exclusive OR e Not Affected 

M Complement of M 

— > Transfer Into 
QO Bit= Zero 

00 Byte= Zero 
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Table 13. Instruction Execution Times in E Cycles | 


ADDRESSING MODE 





ADDRESSING MODE 
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Table 14. Cycle-By-Cycle Operation (Sheet 1 of 5) 


Cycle R/W | 
Cycles} # Address Bus Line} | Data Bus 


Opcode Address 1 Opcode 
Opcode Address + 1 Operand Data 





Address Mode and 
Instructions 


IMMEDIATE 





Opcode Address Opcode 
Opcode Address + 1 Operand Data (High Order Byte) 
Opcode Address + 2 Operand Data (Low Order Byte) 


Opcode Address UOpcode 

Opcode Address + 1 Operand Data (High Order Byte) 
Opcode Address + 2 Operand Data (Low Order Byte) . 
Address Bus FFFF Low Byte of Restart Vector 





DIRECT 
















Opcode Address 
Opcode Address + 1 
Address of Operand 


Opcode 
Address of Operand 
Operand Data 















Opcode Address Opcode 
Opcode Address + 1 Destination Address 
Destination Address Data from Accumulator | 


Opcode Address Opcode 
Opcode Address + 1 , Address of Operand 

Address of Operand Operand Data (High Order Byte) 
Operand Address + 1 Operand Data (Low Order Byte) 


Opcode Address 
Opcode Address + 1 
Address of Operand 
Address of Operand + 1 


Opcode Address 
Opcode Address + 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Subroutine Address 
Stack Pointer 

Stack Pointer — 1 


































Opcode 
Address of Operand 

Register Data (High Order Byte) 
Register Data (Low Order Byte) 






Opcode 

Address of Operand 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 












Opcode 
Irrelevant Data 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 


joo == - 7 . - a 
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Table 14. Cycle-By-Cycle Operation (Sheet 2 of 5) 


Address Mode and ycle R/W 
Instructions Cycles| # Address Bus Line Data Bus 


EXTENDED 
JMP 3 Opcode Address Opcode 
Opcode Address + 1 Jump Address (High Order Byte) 
Opcode Address + 2 Jump Address (Low Order Byte) 


Opcode 
Address of Operand 
Address of Operand (Low Order Byte) 

















Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
! Address of Operand 


& WN =f WD — 


Operand Data 












Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Operand Destination Address 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address of Operand + 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address of Operand + 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address Bus FFFF 

Address of Operand 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Operand Address 
Operand Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 

Opcode Address + 2 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer — 1 


Opcode 

Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
Data from Accumulator 


Opcode 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 



















Opcode 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Low Byte of Restart Vector 

New Operand Data 
Opcode 
Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data {Low Order Byte) 
Low Byte of Restart Vector 


fe te 
OOU0 
OxKXN 
















































Opcode 
Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Opcode of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 


JSR 


MOOR WNH -I1T DN HR WD -1OM OB Wh = 





* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus = $FFFF 
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Table 14. Cycle-By-Cycle Operation (Sheet 3 of 5) 


Address Bus 





INDEXED 


_— 


PWN RH] W Dh —= 


MOOR WNH HP OA HR WN AHIMA HRWHNH — geewalaaen|por- 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 
Opcode Address 

Opcode Address+ 1 
Address Bus FFFF 

Index Register Plus Offset 


/ Opcode Address 


Opcode Address + 1 
Address Bus FFFF 
Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 
Address Bus FFFF 

Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register+ Offset 
Index Register + Offset + 1 
Address Bus FFFF 
Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register + Offset 
Stack Pointer 


Stack Pointer — 1 


Opcode 
Offset 
Low Byte of Restart Vector 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset . 

Low Byte of Restart Vector 
Operand Data 

Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 


. Offset 


Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Offset 

Low Byte of Restart Vector 
Current Operand Data 

Low Byte of Restart Vector 
New Operand Data 


Opcode 
Offset 
Low Byte of Restart Vector 


| Operand Data (High Order Byte) | 


Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 

Offset 

Low Byte of Restart Vector 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 





* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 


MOTOROLA MICROPROCESSOR DATA 


3-168 


MC6801U4/6803U4 


Table 14. Cycle-By-Cycle Operation (Sheet 4 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles} # Address Bus Line Data Bus 





INHERENT 
ABA DAA SEC| 2 1 Opcode Address 1 Opcode 
ASL DEC “SEI 2 | Opcode Address + 1 1 Opcode of Next Instruction 
ASR INC SEV 
CBA LSR TAB 
CLC NEG TAP 
CL! NOP TBA) 
CLR ROL TPA 
CLV ROR TST 
COM SBA 
ABX Opcode Address Opcode 















Irrelevant Data 
Low Byte of Restart Vector 


Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 

Previous Stack Pointer Contents 
Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Opcode Address 

Opcode Address + 1 

Stack Pointer 


ASLD 
LSRD 


Opcode 
Irrelevant Data 
Low Byte of Restart Vector 









DES 
INS 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 


INX 
DEX 


Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 


Opcode 
Opcode of Next Instruction 
Accumulator Data 













PSHA 
PSHB 







zk 





TSX Opcode Address Opcode 
Opcode Address + 1 Opcode of Next Instruction 
Stack Pointer Irrelevant Data 

TXS Opcode Address Opcode 








Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer — 1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer +2 


Opcode of Next Instruction 
Low Byte of Restart Vector 


Opcode 

Opcode of Next Instruction 
Irrelevant Data 

Operand Data from Stack 


PULA 
PULB 


PSHX 







Opcode 
Irrelevant Data 

Index Register (Low Order Byte) 
Index Register (High Order Byte) 









PULX Opcode 
Irrelevant Data 
Irrelevant Data 
Index Register (High Order Byte) 


Index Register (Low Order Byte) 


|? 












RTS Opcode Address Opcode 
Opcode Address + 1 Irrelevant Data 
Stack Pointer Irrelevant Data 
Stack Pointer+ 1 Address of Next Instruction (High Order Byte) 
Stack Pointer + 2 Adaress of Next Instruction (Low Order Byte) 
WAI Opcode Address Opcode 












Opcode Address + 1 
Stack Pointer 

Stack Pointer — 1 
Stack Pointer —2 
Stack Pointer—3 
Stack Pointer —4 
Stack Pointer—5 
Stack Pointer —6 


Opcode of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 


Fle 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5). » 


Address Mode and Cycle R/W 
Instructions Cycles} # Address Bus Line Data Bus 


INHERENT 

Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+ 2 
Stack Pointer+3 
Stack Pointer+4 
Stack Pointer+5 
Stack Pointer+6 
Stack Pointer+ 7 


Opcode Address 
Opcode Address + 1 

Stack Pointer 

Stack Pointer — 1 

Stack Pointer — 2 

Stack Pointer—3 

Stack Pointer — 4 

Stack Pointer—5 

Stack Pointer —6 

Stack Pointer — 7 

Vector Address FFFA (Hex) 
Vector Address FFFB (Hex) 
























Opcode. 
Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 












OMOYNOAOMKRWBH = 














_ 
-) 










Opcode 
Irrelevant Data 

Irrelevant Data 

Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

Index Register from Stack (High Order Byte) 

Index Register from Stack (Low Order Byte) 

Next Instruction Address from Stack (High Order Byte) 
Next Instruction Address from Stack (Low Order Byte) 














OMAN OOABWHDY = 

















— 
jap) 







Opcode 
Irrelevant Data 

Return Address (Low Order Byte) 

Return Address (High Order Byte) 

Index Register (Low Order Byte) 

Index Register (High Order Byte) 
Contents of Accumulator A 

Contents of Accumulator B 

Contents of Condition Code Register 
Irrelevant Data 

Address of Subroutine (High Order Byte) - 
Address of Subroutine (Low Order Byte) 

















OMAN OTH WN — 

















RELATIVE 
Opcode Address Opcode 
Opcode Address + 1 Branch Offset 
Address Buss FFFF Low Byte of Restart Vector 


Opcode Address Opcode 

Opcode Address + 1 Branch Offset 

Address Bus FFFF Low Byte of Restart Vector 
Subroutine Starting Address Opcode of Next Instruction 

Stack Pointer Return Address (Low Order Byte) 
Stack Pointer — 1 Return Address (High Order Byte) 
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JSR, Jump to Subroutine 


PC 


Direct 
RTN 
PC 
INDXD 
RTN 
PC 
EXTND 
RTN 


BSR, Branch To Subroutine 


PC 


RTN 


RTS, Return from Subroutine 


PC 


Legend: 


Main Program 


$9D=JSR 


K = Direct Address 












Main Program 


SAD=JSR 


K = Offset 


Next Main Instr. 











Main Program 


$BD=JSR 
SH= Subr. Addr. 
- SL= Subr. Addr. 


Next Main inst. 












Main Program 


$8D = BSR 


+K= Offset 


Next Main Instr. 





Subroutine 


SP Stack 


> s-2[ 
SP-1 RTNY 
SP RTN 


sP Stack 


—> sPp-2 


SP-1 RTNY 


sp RTN, 


2P Stack 


5 ee 


$39=RTS 
> 


SP+2 RTNL 


RTN = Address of next instruction in Main Program to be executed upon return from subroutine 
RTNy = Most significant byte of Return Address 
RTN, = Least significant byte of Return Address 
— = Stack Pointer After Execution 


K =8-bit Unsigned Value 


SWI, Software Interrupt 


WAI, Wait for Interrupt 


PC 


RTN 


RTN 


RTI, Return from Interrupt 


JMP, Jump 


INDXD 


Figure 24. Special Operations 





PC 





X+K 


Main Program 


$3F=SWI ic 


Main Program 


interrupt Program 


Main Program 
S6E = JMP 


e 
e 
Next Instruction 


PC 
$3E = WAI Cc» 
$3B = RTI =, 


Extended 


oF 


SP-7 
SP-6 
SP-5 
SP-4 
SP-3 
SP-2 
SP-1 

SP 


K 


Stack 
aa 


Stack 


a 


Main Program 


$7E=JMP 
Ky = Next Address 
K,_ = Next Address 


Next Instruction 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola using the following media: 

MDOS, disk file 
PC-DOS disk file (360K) . 
EPROM(s) Two 2516 or 2716,or a single 2532, 2732, 
or MC68701U4 
To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field-service office, sales person, or 
Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS® or PC-DOS disk 
file) may be submitted for pattern generation. They should 
be programmed with the customer’s program, using po- 
sitive logic sense for address and data. The diskette should 
be clearly labeled with the customer’s name, date, project 
or product name, and the filename containing the pattern. 

In.addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 

_in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s disk operating system available 
on the EXORciser development system. The disk media 
submitted must be a single-sided, single-density, 8-inch, 
MDOS-compatible floppy diskette. The diskette must 
contain the minimum set of MDOS system files in ad- 
dition to the pattern file. 

The .LO output of the M6801 cross assembler should 
__be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M6801 memory. The entire memory image 
of both program and data space must be included. All 
unused bytes, including those in the user space, must be 
set to logic zero. 


PC-DOS Disk File | 

PC-DOS is IBM® personal computer disk operating sys- 
tem. Submitted disk media must be standard-density 
(360K), double-sided, 5-1/4-inch-compatible floppy dis- 
kette. The diskette must contain the object file code in 
Motorola’s S-record format. The S-record format is a 
chracter-based object file format generated by M6801 
cross assemblers and linkers on IBM PC-style machines. 


EPROMS 


Two K of EPROM are necessary to contain the entire 
MC6801U4 program. Two 2516 or 2716 type EPROMS, a 


MDOS is a trademark of Motorola Inc. 


single 2532 or 2732 type EPROM, or an MC68701U4 can 
be submitted for pattern generation. The EPROM is pro- 
grammed with the customer program, using positive logic 
sense for address and data. Submissions on two EPROMs 


-must be clearly marked. All unused bytes, including the 


user’s space, must be set to zero. . 

Whether the MC6801U4 MCU ROM pattern is submit- 
ted.on a single 2532 or 2732 type EPROM, an MC68701U4, 
or on two 2516 or 2716 type EPROMs, memory map ad- 
dressing is one-for-one. When using a single 2532 or 2732 
EPROM, the ROM pattern to be copied runs from EPROM 
address $000 to$FFF. If an MC68701U4 is used, the ROM 
map runs from $F000 to $FFFF. If a pair of 2516 or 2716 
type EPROMSs is used, then they must be clearly marked; 
the data-space ROM runs from EPROM address $000 to 
$7FF, and the program-space ROM from $7FF to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 


VERIFICATION MEDIA 


All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned .to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 


in the verification process, Motorola will program cus- 


tomer-supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum-order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 


ORDERING INFORMATION 
The following table provides generic information per- 


taining to the package type and temperatue for the MC6801 
and MC6803. These MCU devices are available in 40-pin 


CERDIP and plastic dual-in-line (DIP) packages. 


IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA AND ORDERING INFORMATION 


The following table provides generic information per- and MC6803. These MCU devices are available in 40-pin 
taining to the package type and temperatue for the MC6801 CERDIP and plastic dual-in-line (DIP) packages. 


GENERIC INFORMATION 


ee. ere 






































Cerdip 0° to 70°C MC6801U4S1 
(S Suffix) — 40° to 85°C MC6801U4CS1 

0° to 70°C MC6801U4S1-1 

— 40° to 85°C MC6801U4CS1-1 
0° to 70°C MC6803U4S 

— 40° to 85°C MC6803U4CS 
0° to 70°C MC6803U4S-1 

— 40° to 85°C MC6803U4CS-1 




















0° to 70°C MC6801U4P1 






Plastic 


(P Suffix) ~ 40° to 85°C MC6801U4CP1 
0° to 70°C MC6801U4P 1-1 
— 40° to 85°C MC6801U4CP1-1 
0° to 70°C MC6803U4P 
~ 40° to 85°C MC6803U4CP 
0° to 70°C MC6803U4P-1 . 


— 40° to 85°C MC6803U4CP-1 





PIN ASSIGNMENT 


VssQ1 @ — 40TE 
XTALQ2 3917 Sc1 
EXTALQ3 38 f] Sc2 
NMi P30 
TRO 5 36 [] P31 
RESET | 35] P32 
Vec 7 3417 P33 
p20 08 33 1] P34 
e219 32 P35 
P22 J10 31] P36 
p23 411 30 f] P37 
p24 []12 29] P40 
P10 Q13 28 fra 
p11 (}14 27} P42 
P12 [J15 26 1] P43 
P1316 25 P44 
P1417 2417 P45 
P15 18 23[] P46 
P16 19 22) P47 
P1720 211) Vcc 
Standby 
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Advance Information 
MC68701 Microcontroller Unit (MCU) 


The MC68701 is an 8-bit single-chip EPROM microcontroller unit (MCU) wie Jighificantly en- 
hances the capabilities of the M6800 Family of parts. It can be used in production systems to allow 
for easy firmware changes with minimum delay or it can be used to emulate the MC6801/MC6803 
for software development. It includes an upgraded M6800 microprocessor unit (MPU) with upward 
source and object code compatibility. Execution times of key instructions have been improved and 
several new instructions have been added including an unsigned multiply. The MCU can function 
as a monolithic microcomputer or can be expanded to a 64K byte address space. It is TTL compati- 
ble and requires one.+5 volt power supply for nonprogramming operation. An additional Vpp 
power supply is needed for EPROM programming. On-chip resoources include 2048 bytes of 
EPROM, 128 byte of RAM, Serial Communications Interface (SCI), parallel I/O, and a three function - 
Programmable Timer. A summary of MCU features includes: 

@ Enhanced MC6800 Instruction Set 
8x8 Multiply Instruction . 
Serial Communications Interface (SCI) | 
Upward Source.and Object Code Compatibility. with the MC6800 _ 
16-Bit Three-Function Programmable Timer 
Single-Chip or Expanded Operation to 64K Byte Address Space 
Bus Compatibility with the M6800 Family 
2048 Bytes of UV Erasable, User Programmable ROM (EPROM) 
128 Bytes of RAM (64 Bytes Retainable on Powerdown) 
29 Parallel /O and Two Handshake Control Lines 
Internal Clock Generator with Divide-by-Four:Output 
— 40 to 85°C Temperature Range 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MC68701 MICROCOMPUTER BLOCK DIAGRAM 


/VppP 










SC2 
P10 
P11 


P40 

P41 

P42 A 

P43 Port 4 

P44 

P45 

P46 P12 
P47 


ddress 

P13 
P14 
P15 
Vcc Standby 128 x 8 2048 x 8 P16 

RAM EPROM 
; P17 

MAXIMUM RATINGS 


Symbol 
Supply Voltage —0.3 to +7.0 
Input Voltage —0.3 to +7.0 


Operating Temperature Range Ty to TH 
MC68701 TA 0 to 70 a & 


MC68701C — 40 to 85 
strained to the range Vss S(Vin or Vout) S$ VCC. 


Storage Temperature Range 
Reliability of operation is enhanced if unused in- 


THERMAL CHARACTERISTICS puts are tied to an appropriate logic voltage level 


(e.g., either Vss or Vcc). 


Thermal Resistance BJA °C/W 
50 
50 


Ceramic Package 
POWER CONSIDERATIONS 





This device contains Circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. For proper opera- 
tion it is recommended that Vjn and Voyt be con- 















Cerdip Package 





The average chip-junction temperature, Ty, in °C can be obtained from: 


Ty=Tat+(Pp° 8a) (1) 
where: 
Ta = Ambient Temperature, °C 
BJA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pintt Pport . 
PINT =Icec Vcc, Watts — Chip Internal Power 


Pport = Port Power Dissipation, 
Watts — User Determined 


For most applications PogrtT<Pij\t and can be neglected. PPORT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. ; . 
An approximate relationship between Pp and Ty (if Peport is neglected) is: 
| Pp=K=+(Ty+273°C) . (2) 
Solving equations (1) and (2) for K gives: . 

K=Pp ° (Ta +273°C) + 0 arPD2 (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at 
equilibrium) for a known T,. Using this value of K, the values of Pp and Ty can be obtained by solving equations (1) 
and (2) iteratively for any value of Ta | 
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CONTROL TIMING (Vcc =5.0 V +5%, Vgg=0 to 70°C) 


Frequency of Operation . 


External Oscillator Frequency _ 
Crystal Oscillator Start Up Time 


Processor Control Setup Time 


. | MC68701 ~MC68701C 
Re ees ee 
Input High Voltage RESET Vsst4.0 Vcc Vsg+4.0 Vcc 
Other Inputs* IH |Vssg+2.0 Vcc Vss+2.2 VOC V 
Input Low Voltage RESET Vss—0.3 Vsst+0.4 |Vss—0.3 Vsst+0.4 
Other Inputs* Vss—0.3 Vsgt0.8 | Vss—0.3 Vsst+08] V 
1.0 
1.6 mA 
iF 
4. 
25 




























Input Current 
(Vin=0 to 5.25 V) NMi, (R01 


Input Current 
(Vin=0 to0.4 V) a RESET/Vpp 
(Vin=4.0 V to Vcc) 


Hi-Z (Off State) Input Current aie 
(Vin =0.5 to 2.4 V) Ports 1,2, and3 ITSI 
Output High Voltage 
(Load= — 654A, Vcc= Min) Port 4, SC1, SC2 
(It oad = — 100 nA, Vecc= Min) Other Outputs Vsst+2.4 
iees=20nA c=) AbOuwuts| Vor | 
lLoad= 2.0 mA, Vcc= Min) AllOutputs{ VoL © 
Darlington Drive Current ise eae 
' (Vgo=1.5V) Port 1 IOH 















Input Current, See Note Port 4 
(Vin =O to2.4 V) SC1 







V 

VIL 
lin 
lin 
lin 
OH 





2 



























pean 
eee 


3) 


0 
0 


Internal Power Dissipation 
(Measured at TA=T in Steady-State Operation) PINT 1500 1500 mW - 
Input Capacitance | | 
(Vin=0, Ta = 25°C, fo=1MHz) Cin 12.5 12.5 pF 
10.0 10.0 | 
Vcc Standby Powerdown | Vspp 5.25 4.0 5.25 
Powerup | Vsp 4.75 5.25 4.75 5.25 V 
Standby Current | Powerdown | IsBB |_| Ea ee ec ee 
Programming Time Per Byte Tq=25°C) oo ee oe 
Programming Voltage (Ta = 25°C) | | Vpp | 20.0 | 21.0 | 22.0 21.0 22.0 


Programming Current 

(VRESET=Vpp. Ta=25°C) 30 
*Except mode programming levels; see Figure 15. | 
NOTE: RESET/Vpp lin differs from MC6801 and MC6803 values. — 





PERIPHERAL PORT TIMING (Refer to Figures 3-6) 


a 


200 | — | 200 
200 | — 

[Deay Time, Enable Posive Transion to OSG Negaive Tension | tosp1 | — 
[Delay Time, Enable Postve Transition to O83 Posive Trenstion | tospa | —_ 












input Data HoldTime St 


lH 
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FIGURE 1 — DATA SETUP AND HOLD TIMES FIGURE 2 — DATA SETUP AND HOLD TIMES 
(MPU READ) (MPU WRITE) 


MPU Write 
, PU Read a 










E E 
tCmMOS 
P10-P17 
P20-P24 eT NOC 
P40-P47 
mputs miata Data Valid 
Port Outputs 
P30-P37 
Inputs * 
NOTES: 
1. 10 k Pullup resistor required for Port 2 to reach 0.7 Vcc 
* Port 3 Non-Latched Operation (LATCHE ENABLE =O) 2. Not applicable to P21 
3. Port 4 cannot be pulled above Vcc 
FIGURE 3 — PORT 3 OUTPUT STROBE TIMING FIGURE 4 — PORT 3 LATCH TIMING 


(SINGLE-CHIP MODE) (SINGLE-CHIP MODE) 





Y MPU access of Port 3* 


Address 
Bus 


t t 
_ OSD1 OSD2 P30-P37 
OS3 Inputs 


* Access matches Output Strobe Select (OSS =0, a read; 
OSS = 1, a write) 





DX 





NOTE: Timing measurements are referenced to a low voltage of 0.8 volts and a high voltage of 2.0 volts unless otherwise noted. 


FIGURE 5 — CMOS LOAD FIGURE 6 — TIMING TEST LOAD PORTS 1, 2, 3, 4 
VCC 
R, =1.8 kf 
Test Point MMD61 50 


Test Point — or Equiv. 
30 pF : " MMD7000 
a or Equiv. 


C=90 pF for P30-P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R =37 kQ for P40-P47, SC1, SC2, 
= 24 kQ for P10-P17, P20-P24, P30-P37, E 
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BUS TIMING (See Notes 2 and 3) 






a 
ae et 

3 

[4 |otock Rise ond Fal Tine SS~wd tnt 

I Fe 
[12 |NonMuned Address Vaid Timetoe SS*d tay 200 — Paso — [70 | — [ne 
[17 [Read Data Setup Time SSS tgs | a | | 0 [oo | — |e 
[18 |Read Data Hold Time SSS te | | | 10 | — | 0 | — | re 
[19 [write bata Delay Time ———SSSSSSSS*d pw | — [28 | — [200 | — [20 | ne 
a 
= 
ine 
35 
= 
a 
= 
=— 









tat 
Write Data Hold Time SSS to | 20 — | 20 | — | v0 | — [re | 
200 | — [iso] — | of —| ne | 
[Mutiploxed Address Vaid Time to AS Fal™ | tas] 60 | — ics! 
[Mulplexed Address Hold Time SS ta | 20 
sor — 
Pulse Width, AS Hight —SSSS~* gg | 220 | 
Delay Time, AS to Rise? ——SSCS~*~*~Sw tage | 8 | 
ss | — | 


*At specified cycle time. 
**tasp parameters listed assume external TTL clock drive with 50% +5% duty cycle. Devices driven by an external TTL cigck with 
50% +1% duty cycle or which use a crystal have the following tasp specification: 100 nanoseconds minimum (1.0 MHz devices), 
80 nanoseconds minimum (1.25 MHz devices), 50 nanoseconds minimum (2.0 MHz devices). 


FIGURE 7 — BUS TIMING 


See Note 4 9 JT 
iOS, Be SAR, 


‘Non Mixed! 10 


= eee 


Read Data ie ee oy 










Addr/ Data 
Muxed 





— 
Addr/ Data \/\3 
Muxed : + SO 
Address a 
Strobe (AS) @ i 


NOTES: 
1. Voltage levels shown are V_ <0.5 V, VH2=2.4 V, unless otherwise specified. 
2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 
3. Usable access time is computed by 12+ 3- 17+ 4. 
4. Memory devices should be enabled only during E high to avoid port 3 bus contention. 
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INTRODUCTION 


The MC68701 is an 8-bit monolithic microcomputer which 
can be configured to function in a wide variety of applica- 
tions. The facility which provides this extraordinary flexibility 
is its ability to be hardware programmed into eight different 
operating modes. The operating mode controls the con- 
figuration of 18 of the 40 MCU pins, available on-chip 
resources, memory map, location (internal or external) of in- 
terrupt vectors, and type of external bus. The configuration 
of the remaining 22 pins is not dependent on the operating 
mode. 

Twenty-nine pins are organized as three 8-bit ports and 
one 5-bit port. Each port consists of at least a Data Register 
and a write-only Data Direction Register. The Data Direction 
Register is used to define whether corresponding bits in the 
Data Register are configured as an input (clear) or output 
(set). 

The term “port,” by itself, refers to all of the hardware 
associated with the port. When the port is used as a ‘‘data 
port’ or “I/O port,” it is controlled by the port Data Direc- 
tion Register and the programmer has direct access to the 
port pins using the port Data Register. Port pins are labled as 
Pij where i identifies one of four ports and j indicates the par- 
ticular bit. 

The Microprocessor Unit (MPU) is an enhanced MC6800 
MPU with additional capabilities and greater throughput. It is 
upward source and object code compatible with the 


MC6800. The programming model is depicted in Figure 8 
where Accumulator D is a concatenation of Accumulators A 
and B. A list of new operations added to the M6800 instruc- 
tion set are shown in Table 1. 


The basic difference between the MC6801 and the 
MC68701 is that the MC6801 has an onboard ROM while the 
MC68701 has an onboard EPROM. The MC68701 is pin and 
code compatible with the MC6801 and can be used to 
emulate the MC6801, allowing easy software development 
using the onboard EPROM. Software developed using the 
MC68701 can then be masked into the MC6801 ROM. 

In order to support the onboard EPROM, the MC68701 dif- 
fers from the MC6801 as follows: 

(1) Mode 0 in the MC6801 is a test mode only, while in the 
MC68701 Mode 0 is also used to program the onboard 
EPROM and has interrupt vectors at $BFFO-SBFFF 
rather than $FFFO-$FFFF. 

The MC68701 RAM/EPROM Control Register has two 
bits used to control the EPROM in Mode 0 that are not 
defined in the MC6801 RAM Control Register. 

The RESET/Vpp pin in the MC68701 is dual purpose, 
used to supply EPROM power as well as to reset the 
device; while in the MC6801 the pin is called RESET 
and is used only to reset the device. 


(2 


— 


(3 


— 


FIGURE 8 — MC68701/6801/6803 PROGRAMMING MODEL 





SP 


ae 


5 RC 





8-Bit Accumulators A and B 
Or 16-Bit Double Accumulator D 


O} Index Register (x) 


O} Stack Pointer (SP) 


O} Program Counter (PC) 


7 0 
ayapay i [y|zpvpc Condition Code Register (CCR) 


Carry/ Borrow from MSB 
Overflow 

Zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 
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TABLE 1 — NEW INSTRUCTIONS 


Unsigned addition of Accumulator B to Index Register 


























Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator 

ASLD or LSLD|Shifts the double accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit 
Branch if Higher or Same; unsigned conditional branch (same as BCC) 

Branch if Lower; Unsigned conditional branch (same as BCS) 

Branch Never 


Additional addressing mode: direct 





Loads double accumulator from memory 


Shifts memory or accumulator left (towards MSB) one bit; the LSB is cleared and the MSB is shifted into the C-bit (same as 
ASL) 


Shifts the double accumulator right (towards LSB) one bit; the MSB is cleared and the LSB is shifted into the C-bit 
Unsigned multiply; multiplies the two accumulators and leaves the product in the double accumulator 

Pushes the Index Register to stack 

Pulls the Index Register from stack 

Stores the double accumulator to memory ; 

Subtracts memory from the double accumulator and leaves the difference in the double accumulator 


Internal processing modified to permit its use with any conditional branch instruction — 


TABLE 2 — SUMMARY OF MC68701 OPERATING MODES 


Common to all Modes: 
Reserved Register Area 

Port 1 

Port 2 

Programmable Timer 

Serial Communications Interface 


Single Chip Mode 7 
128 bytes of RAM; 2048 bytes of EPROM 
Port 3 is a parallel 1/O port with two control lines 
Port 4 is a parallel |/O port 
SC1 is Input Strobe 3 (iS3) 
SC2 is Output Strobe 3 (O0S3) 


Expanded Non-Multiplexed Mode 5 
128 bytes of RAM; 2048 bytes of EPROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input port/address bus 
SC1 is Input/Output Select (10S) 

SC2 is Read/Write (R/W) 


Expanded Multiplexed Modes 1, 2, 3, 6 
Four memory space options (64K address space): 
(1) No internal RAM or EPROM (Mode 3) 
(2) Internal RAM, no EPROM (Mode 2) 
(3) Internal RAM and EPROM (Mode 1) 
(4) Internal RAM, EPROM with partial address bus 
(Mode 6) 
Port 3 is a multiplexed address/data bus 
Port 4 is an address bus (inputs/address in Mode 6) 
SC1 is Address Strobe (AS) 
SC2 is Read/Write (R/W) 
Test Mode 4 
(1) May be changed to Mode 5 without going through 
Reset 
(2) May be used to test Ports 3 and 4 as I/O ports 
Expanded Multiplexed Mode 0 
(1) Internal RAM and EPROM 
(2) External interrupt vectors located at $BFFO-$BFFF 
(3) Used. to program EPROM 










OPERATING MODES 





The MCU provides eight different operating modes which 
are selectable by hardware programming and referred to as 
Mode 0 through Mode 7. The operating mode controls the 
memory map, configuration of Port 3, Port 4, SC1, SC2, and 
the physical location of interrupt vectors. 









FUNDAMENTAL MODES 


The eight MCU modes can be grouped into three fun- 
damental modes which refer to the type of bus it supports: 
Single Chip, Expanded Non-Multiplexed, and Expanded 
Multiplexed. Modes 4 and 7 are single chip modes. Mode ‘5 is 
the expanded non-multiplexed mode, and the remaining 
modes are expanded multiplexed modes. Table 2 sum- 
marizes the characteristics of the operating modes. 














Single-Chip Modes (4, 7) 


In the Single-Chip Mode, the four MCU ports are con- 
figured as parallel input/output data ports, as shown in 
Figure 9. The MCU functions as a monolithic microcom- 
puter in these two modes without external address or data 
buses. A maximum of 29 |/0O lines and two Port 3 control 
lines are provided. Peripherals or another MCU can be inter- 
faced to Port 3in a loosely coupled dual processor configura- 
tion, as shown in Figure 10. 

In Single-Chip Test Mode (4), the RAM responds to 
$XX80 through $XXFF and the EPROM is removed from the 
internal address map. A test program must first be loaded in- 
to the RAM using modes 0, 1, 2, or 6. If the MCU is reset 
and then programmed into Mode 4, execution will begin at 
$XXFE:XXFF. Mode 5 can be irreversibly entered from Mode 
4 without asserting RESET by setting bit 5 of the Port 2 Data 
Register. This mode is used primarily to test Ports 3 and 4 in 
the Single-Chip and Non-Multiplexed Modes. 
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FIGURE 9 — SINGLE-CHIP MODE 
















FIGURE 10 — SINGLE-CHIP DUAL PROCESSOR CONFIGURATION 


















Vcc Vcc Vcc 
E XTAL ~ E 
, | NMI ee] NMI 
Rol EXTAL” IRQ1 
Vcc Standby Vcc Standby Vcc Standby 
RESET 
RESET MC68701/ MC68701/ BESET MC68701/ 
MC6801 MC6801 MC6801 
Port 1 Port 3, 8I/O Lines Port 1 
Port 1 Port 3 81/0 81/0 
8 I/O Lines P 81/0 Lines Lines Pee sd Lines 
IS3 
oe a 
Port 2 p 4 
Port 4 Port 2 5 1/0 Lines ae 
8 I/O Lines | 81/0 
5.1/0 Lines sc Lines 
at Serial 1/O 16-Bit Timer Port 2 = 
Vss 16-Bit Timer Wes 81/0 5 1/0 Lines Vss 
Lines SCl 
16-Bit Timer 
FIGURE 11 — EXPANDED NON-MULTIPLEXED CONFIGURATION 
VCC Vcc 
E 
Port 3 8 
waaay DO-D7) 
TK ~_-————- oa 
eae es Ae 
Voc Standby sites Vec Standby Te ae CS eee a as eT 
- T E 
Does daha) RESET Peer Sn MAS 2 MA 
MC6801 MC6801 











Port 1 Port 3 
8 1/0 Lines 8 Data Lines 
R/W 
Port 2 a= 
51/0 IOS 
Lines Port 4 
Serial 1/0 To 8 | 
16-Bit Timer Address Lines 
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Expanded Non-Multiplexed Mode (5) 


A modest amount of external memory spce is provided in 
the Expanded Non-Multiplexed Mode while significat on-chip 
resources are retained. Port 3 functions as an 8-bit bidirectional 
data bus and Port 4 is configured initially as an input data port. 
Any combination of the eight least-significant address lines 
may be obtained by writing to the Port 4 Data Direction Reg- 
ister. Stated alternatively, any combination of AO to A7 may 
be provided while retaining the remainder as input data lines. 
Internal pullup resistors are intended to pull the Port 4 lines 
high until the port is configured. 

Figure 11 illustrates a typical system configuration in the 
Expanded Non-Multiplexed Mode. The MCU interfaces directy 
with M6800 Family parts and can access 256 bytes of external 
address space at $100 through $1FF. |OS provides an address 


decode of external memory ($100-$1FF) and can be used as a 


memory page select or chip select line. 


Expanded-Multiplexed Modes (0, 1, 2, 3, 6) 


In the Expanded-Multiplexed Modes, the MCU has the ability 
to access a 64K bytes memory space. Port 3 functions as a 
time multiplexed address/data bus with address valid on the 
negative edge of Address Strobe (AS), and data valid while E 
is high. In Modes 0 to 3, Port 4 provides address lines A8 to 
A15. In Mode 6, however, Port 4 is initially configured at RESET 
as an input data port. The Port 4 Data Direction Register can 
then be changed to provide any combination of address lines, 
A8 to A15. Stated alternatively, any subset of A8 to A15 can 
be provided while retaining the remaining Port 4 lines as input 
data lines. Internal pullup resistors pull the Port 4 lines high 
until software configures the port. 

Figure 12 depicts a typical configuration for the Expanded- 


Multiplexed Modes. Address Strobe can be used to control a. 


transparent D-type latch to capture addresses AO to A7, as 
shown in Figure 13. This allows Port 3 to function as a Data 
Bus when E is high. 


In Mode 0, the internal and external data buses are con- 


nected; there must therefore be no memory map overlap in 
order to avoid potential bus conflicts. Mode 0 is used to pro- 


gram the onboard EPROM. All interrupt vectors are external 
in this mode and are located at $BFFO-$BFFF. 


PROGRAMMING THE MODE 


The operating mode is determined at RESET by the levels 
asserted on P22, P21, and P20. These levels are latched into 
PC2, PC1, and PCO of the program control register on the po- 
sitive edge of RESET. The operating mode may be read from. 
the Port 2 Data Register as shown below, and programming 
levels and timing must be met as shown in Figure 14. A brief 
outline of the operating modes is shown in Table 3. 


PORT 2 DATA REGISTER 


7 6 5 4 3 2 1 0 
rca [res [roa [ae [ra] [rn [rm] x 


Circuitry to provide the programming levels is dependent 
primarily on the normal system usage of the three pins. If 
configured as outputs, the circuits shown in Figure 15 may be 
used; otherwise, three-state buffers can be used to provide 
isolation while programming the mode. Note that if diodes are 
used to program the mode, the diode forward voltage drop 
must not exceed the Vippp Minimum. 


MEMORY MAPS 


The MCU can provide up to 64K byte address space de- 
pending on the operating mode. A memory map for each op- 
erating mode is shown in Figure 16. The first 32 locations of 
each map are reserved for the MCU internal registers as shown 
in Table 4, with exceptions as indicated. 


TABLE 3 — MODE SELECTION SUMMARY 











Legend: Notes: 
| — Internal . 
E — External 
MUX — Multiplexed 
NMUX — Non-Multiplexed 
L — Logic “0” 
H — Logic 1" 


1,2, and 3 


Interrupt Bus Operating 

Vectors Mode Mode 
ptt Singie chip 
—— mux!5 6) Multiplexed/Partial Decode 


poe To Te mu x'4) | Muttipiexed/RAM 
Poe tt Te ux’) Multipiexed/ RAM and EPROM 
oh he hl i mMux(4) Multiplexed/ Programming 


(1) Internal RAM is addressed at $XX80 
(2) Internal EPROM is disabled 


(3) Interrupt vectors located at $BFFO-$BFFF 
(4) Addresses associated with Ports 3 and 4 are considered external in Modes O, 


NMuUx(9, 6) Non-Multiplexed/ Partial Decode 
MuUx!4) | Multiplexed/No RAM or EPROM 


(5) Addresses associated with Port 3 are considered external in Modes 5 and 6 


(6) Port 4 default is user data input; address output is optional by writing to Port 4 


Data Direction Register 
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FIGURE 12 — EXPANDED MULTIPLEXED CONFIGURATION 


Vcc 






Vcc Standby 
RESET 
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Port 1 Port 3 
81/0 Lines Biines 
r Multiplexed Data/ Address 
Port 2 . 
5 170 Lines cone 
Serial |/O S 
Add 
— 16-Bit Timer ress Bus 
VSs 
Vec 
Data Bus 
(DO-D7) 
Vcc Standby 
CAB Address Bus ‘ 
NMI MC68701 _ rarer 
RQ1 R/AW 
Port 1 : 
81/0 
Port 2 
51/0 
SCl 
Timer 





NOTE: To avoid data bus (Port 3) contention in. the expanded multiplexed modes, memory devices should be enabled only during E high time. 
FIGURE 13 — TYPICAL LATCH ARRANGEMENT 


GND 
AS 


Port 3 SN74LS373 
; Add - 
Address/Data (Typical) ress. Ag-A7 





Data: Dg-D7 
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FIGURE 14 — MODE PROGRAMMING TIMING 


See Figure 16 


for Diode Arrangement. me 
VMPDD 













VMPL 
Mode Latch . 
Level 


(P20, P21, P22) 
—_ «ow aw 


VMPH Min 
VMPL Max 


Mode Inputs 


(P20, P21, P22) RESET 


MODE PROGRAMMING (Refer to Figure al 


Characters bt [in 

[Mode Programming Input Voltage Low for Ta=0t07 ——~—~S~dtCS ma | — | — | 
[Mode rogenming net Voge ih Twa an | 
Mode Programming Diode Differential for Ta =0 to 70°C Peco [08 [= [= |v 
RESET Low Pulse Width Piissm | 90 | — | — | ECyoes 
Mode Programming Set-Up Time ! twps _| 2.0 | 20 | — | — | ECycles | 


FIGURE 15 — TYPICAL MODE PROGRAMMING CIRCUIT 






























Mode Programming Hold Time 
RESET Rise Time>1 ps 
RESET Rise Time<1 us 











Note: For wae —40 to 85°C, Maximum VMPL = 1. 7, and Minimum VM@ppp= “0.4. 


VCC 
O) 


P20 
P21 
P22 


P20 (PCO) 
P21 (PC1) 
P22 (PC2) 
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“’Normal’’ 





$1 


Vpp oo 


. C 
“Program” - : 
Notes: 


1. Mode 0 as shown (switches closed). : — 

2. R1=10k ohms (typical). 

3. The RESET time constant is equal to RC where R is the equivalent parallel resistance of R2 and the number of resistors (R1) 
placed in the circuit by closed mode control switches. 

4. D=1N914, 1N4001 in the 0 to 70°C range ~ 
D=1N270, MBD201 in the — 40 to 85°C range 

5. If V=Vcc, the R2=50 ohms (typical) to meet VjH for the RESET/Vpp pin. V= eek is also compatible with MC6801. The RESET 
time constant in this case is approximately R2*C. 

6. Switch S1 allows selection of normal (RESET) or programming (Vpp) as the input to the RESET/Vpp pin. During switching, 
the input level is held at a value determined by a diode (D), resistor (R2) and input voltage (V). 

7. While $1 is in the “Program” position, RESET should not be asserted. 
8. From powerup, RESET must be held !ow for at least trac. The capacitor, C, is shown for sonceptualt purposes only and is on 
. the order of 1000 pF for the circuit shown. Typically, a buffer with an RC input will be used to drive RESET, eumipating the 

need for the larger capacitor. 

9. Diode V¢ should not exceed Viyppp min. 


RESET/Vpp 




















MOTOROLA MICROPROCESSOR DATA 
3-1 84 


G8L-€ 
VLVG HOSSSDOUdOHXOIN VIOYOLOIN 





MC68701 
Mode 


Multiplexed Test mode 


$0000"? 
Internal Registers 


$OO1F 
External Memory Space 
$0080 


Internal RAM 


External Memory Space 


External Interrupt Vectors 


> External Memory Space 


Internal EPROM 


Notes: 


1) Excludes the following addresses which may 


be used externally: $04, $05, $06, $O7 and SOF. 


There must be no overlapping of internal and 
external memory spaces to avoid driving the 
data bus with more than one device. 


This mode is used to program the onboard 
EPROM. 


FIGURE 16 — MC68701 MEMORY MAPS 


MC68701 
Mode 


Multiplexed/RAM & EPROM 


$0000" 
Internal Registers 


$001F 
External Memory Space 


Internal RAM 


External Memory Space 


Internal EPROM 


External Interrupt Vectors 


Notes: 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07 and 
SOF 

2) Internal EPROM addresses $FFFO to $FFFF are 


not usable 





MC68701 
Mode 


Multiplexed/RAM 


$0000""’ 
Internal Registers 


$OO1F 
External Memory Space 


$0080 
Internal RAM 


SOOFF 


External Memory Space 


External Interrupt Vectors 


Notes: 

1) Excludes the following addresses which may 
be used externally: $04, $05, $06, $07, and 
SOF. 
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MC68701 
Mode 


Multiplexed/No RAM or EPROM 


External Memory Space 


ae | External Interrupt Vectors 


1) Excludes the following addresses which may be 
used externally: $04, $05, $06, $07 and SOF. 





CO 


FIGURE 16 — MC68701 MEMORY MAPS (CONTINUED) 


MC68701 
Mode 


Single Chip Test 
Internal Registers!) 
$O001F 
Unusable!1)(4) 
$XX80 Internal RAM 
SXXFF Internal Interrupt Vectors. 
Notes: 


1) The internal EPROM is disabled. 


2) Mode 4 may be changed to Mode 5 without hav- 
ing to assert RESET by writing a ‘'1’’ into the 
PCO bit of Port 2 Data Register. 
Addresses A8 to A15 are treated as ‘don't 
cares’’ to decode internal RAM. 


Internal RAM will appear at $XX80 to $XXFF. 





3 


=— 


4 
5 


— So 


MCU read of the Port 3 Data Direction Register 
will access the Port 3 Data Register. 





MC68701 
Mode 
Non-Multiplexed/ Partial Decode 


$0000!1) 
Internal Registers 
$001F 


Unusable 
$0080 


Internal RAM 


External Memory Space 


Unusable 


Internal EPROM 


Internal Interrupt Vectors 


1) Excludes the following addresses which may NOT 
be used externally: $04; $06, and SOF (No IOS). 


2) This mode may be entered without going 
through RESET by using Mode 4 and subse- 
quently writing a ‘'1"' into the PCO bit of Port 2 
Data Register. 


Address lines AQ to A7 will not contain addresses 
until the Data Direction Register for Port 4 has 
been written with ‘1's in the appropriate bits. 


These address lines will assert ‘'1’s’’ until made 
Outputs by writing the Data Direction Register. 
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FIGURE 16 — MC68701 MEMORY MAPS (CONCLUDED) 


MC68701 MC68701 
Mode Mode 


Multiplexed/Partial Decode Single Chip 


| $0000 aj 
Internal Registers Interna! Registers 
$001F 








$0000""’ 
$O01F 
External Memory Space Unusable 
$0080 $0080 
Internal RAM Internal RAM 
SOOFF SOOFF 
External Memory Space Unusable 
$F800 $F800 
Internal EPROM Internal EPROM 
t Internal Interrupt Vectors 
SFFEF Internal Interrupt Vectors SFEFF 
Note: 
Notes: 1) MCU read of the Port 3 Data Direction Register 
1) Excludes the following addresses which may be will access the Port 3 Data Register. 


used externally: $04, $06, SOF. 

2) Address lines A8-A15 will not contain 
addresses until the Data Direction Register for 
Port 4 has been written with “1's” in the 
appropriate bits. These address lines will 
assert “1's” until made outputs by writing the 
Data Direction Register. 


TABLE 4 — INTERNAL REGISTER AREA 


Register Address 


Port 1 Data Direction Register* * * Output Compare Register (Low Byte) OC 
Port 2 Data Direction Register* * * Input Capture Register (High Byte) OD 
Port 1 Data Register Input Capture Register (Low Byte) OE 
Port 2 Data Register Port 3 Control and Status Register 


Port 3 Data Direction Register* * * Rate and Mode Control Register 
Port 4 Data Direction Register* * * Transmit/Receive Control and Status Register 


Port 3 Data Register Receive Data Register 
Port 4 Data Register Transmit Data Register 


Timer Control and Status Register RAM/EPROM Control Register 
Counter (High Byte) Raceried 

Counter (Low Byte) 

Output Compare Register (High Byte) 


* External addresses in Modes 0, 1, 2, 3, 5, 6; cannot be accessed in Mode 5 (No IOS) 
* * External addresses in Modes 0, 1, 2, 3 
***1= output, O= Input 
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MC68701 INTERRUPTS 


The MCU supports two types of interrupt requests: 
maskable and non-maskable. A Non-Maskable Interrupt 
(NMI) is always recognized and acted upon at the comple- 
tion of the current instruction. Maskable interrupts are con- 
trolled by the Condition Code Register’s I-bit and by in- 
dividual enable bits. The I-bit controls all maskable inter- 
rupts. Of the maskable interrupts, there are two types: IRQ1 
and IRQ2. The Programmable Timer and Serial Communica- 
tions Interface use an internal [RQ2 interrupt line. External 
devices (and 1S3) use IRQ7. An [RQ1 interrupt is serviced 
before IRQ2 if both are pending. 

All iRQ2 interrupts use hardware prioritized vectors. The 


single SCI interrupt and three timer interrupts are: serviced in - 


a prioritized order and each is vectored to a separate loca- 
tion. All MCU interrupt vector locations are shown in Table 
5. 


TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS 














Interrupt 
FFEO NMI 
BFFA FFFB 


*|RQ2 Interrupt 

The Interrupt flowchart is depicted in Figure 17 and is 
common to every MCU interrupt excluding reset. During in- 
terrupt servicing the Program Counter, Index Register, A Ac- 
cumulator, B Accumulator, and Condition Code Register are 
pushed to the stack. The |-bit is set to inhibit maskable inter- 
rupts and a vector. is fetched corresponding to the current 
highest priority interrupt. The vector is transferred to the 
Program Counter and instruction execution is resumed. In- 
terrupt and RESET timing are illustrated in Figures 18 and 19. 















FUNCTIONAL PIN DESCRIPTIONS 


Vcc AND Vss 

Vcc and Vss provide power to a large portion of the 
MCU. The power supply should provide +5 volts (+ 5%) to 
Vcc, and Vss should be tied to ground. Total power 
dissipation (including Vcc Standby), will not exceed POH 
milliwatts. 


Vcc STANDBY | 
Vcc Standby provides power to the standby portion ($80 


through $BF) of the RAM and the STBY PWR and RAME > 


bits of the RAM Control Register. Voltage requirements de- 
pend on whether the MCU is in a powerup or powerdown 
state. In the powerup state, the power supply should provide 
+5 volts (+5%) and must reach Vsp volts before RESET 
reaches 4.0 volts. During powerdown, Vcc Standby must 
remain above Vspp (min) to sustain the standby RAM and 
STBY PWR bit. While in powerdown operation, the standby 
current will not exceed Ispp. 





It is typical to power both Vcc and Vcc Standby from the 
same source during normal operation. A diode must be used 
between them to prevent supplying power to Vcc during 
powerdown operation. Vcc Standby should be tied to 
ground in Mode 3. 


XTAL1 AND EXTAL2 


These two input pins interface either a crystal or TTL com- 
patible clock to the MCU internal clock generator. Divide-by- 
four circuitry is included which allows use of the inexpensive 
3.58 MHz or 4.4336 MHz Color Burst TV crystals. A 20 pF 
capacitor should be tied from each crystal pin to ground to 
ensure reliable startup and operation. Alternatively, EXTAL2 
may be driven by an external TTL compatible clock at 4fo 
with a duty cycle of 50% (+5%) with XTAL1 connected to 
ground. 

The internal oscillator i is designed to interface with an AT- 
cut quartz crystal resonator operated in parallel resonance 
mode in the frequency range specified for fxTAL. The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time.** The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 20. 


RESET/Vpp 


This input is used to reset the MCU internal state and pro- 
vide an orderly startup procedure. During powerup, RESET 
must be held below 0.4 volts: (1) at least tac after Vcc 
reaches 4.75 volts in order to provide sufficient time for the 
clock generator to stabilize, and (2) until Vcc Standby 
reaches Vsp volts. RESET must be held low at least three 





_ E-cycles if asserted during powerup operation. 


This pin is also used to supply Vpp in Mode 0 for program- 
ming the EPROM, and supplies operating power to the 
EPROM during powerup operation. 


E (ENABLE) 


This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible and is the slightly skewed divide- 
by-four result of the MCU input clock frequency. It will drive 
one Schottky TTL load and 90 pF, and all data given in cycles 
is referenced to this clock unless otherwise noted. 


NMI (NON-MASKABLE INTERRUPT) 


An NMI negative edge. requests an MCU interrupt se- 
quence, but the current instruction will be completed before 
it responds to the request. The MCU will then begin an inter- 
rupt sequence. Finally, a vector is fetched from $FFFC and 
SFFFD (or $BFFC and SBFFD in Mode 0), transferred to the 
Program Counter and instruction execution is resumed. NMI 
typically requires a 3.3 kQ (nominal) resistor to Vcc. There is 
no internal NMI pullup resistor. NMI must be held low for at 
least one E-cycle to be recognized under all conditions. 


IRQ1 (MASKABLE INTERRUPT REQUEST 1) 

IRQ1 is a level-sensitive input which can be used to re- 
quest an interrupt sequence. The MPU will complete the cur- 
rent instruction before it responds to the request. If the inter- 


* * Devices made with masks subsequent to T7A and CB4 incorpor- 
ate an advanced clock with improved startup characteritics. 
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Modes 1-7_| RESET | FFFE-FFFF 
| Mode 0 [RESET | BFFE-BFFF 
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FIGURE 17 — INTERRUPT FLOWCHART 
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Y 
Y 


| > ITMP SCI = TIEeTDRE + RIE¢(RDORF + ORFE) 
Condition Code Register 11>! 


Vector->PC 
| | Modeo | Modest-7} 0 
BFFA-BFFB | FFFA-FFFB [Software Interrupt 
Tinat |” eFFe BFF9 
cr 
FEFO-FFF1 
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FIGURE 18 — INTERRUPT SEQUENCE 
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Addr Addr MSB Addr LSB Addr Address 
IRQ1 
—>| «-tpcs 
NMI or IRQ2 
—>| <—tPcs 
Internal 
Data Bus 
Op Code Op Code PCO-7 PC8-15 X0O-7 X 8-15 ACCA ACCB CCR Irrelevant Vector Vector First inst. of — 
; Data MSB LSB Interrupt Routine 

Internal RAW - 


FIGURE 19 — RESET TIMING 
ween 5.25 V ) 
Voc Tae 
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RESET /Vpp ——_—————— eee SON 0.4V 
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eo tt FFE. FRFE FEFE FFFE  FFFF New PC FFFE » FFFE 


Data Bus 


| PC 8-15 PCO-7 First 
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rupt mask bit (I-bit) in the Condition Code Register is clear, 
the MCU will begin an interrupt sequence. A vector is fetch- 
ed from $FFF8 and $FFF9 (or $BFF8 and $BFF9 in Mode 0), 
transferred to the Program Counter, and instruction execu- 
tion is resumed. 

IRG1 typically requires an external 3.3 k® (nominal) 
resistor to VCC for wire-OR applications. IRQ1 has no inter- 
nal pullup resistor. 


SC1 AND SC2 (STROBE CONTROL 1 AND 2) 


The function of SC1 and SC2 depends on the operating 
mode. SC1 is configured as an output in all modes except 
single chip mode, whereas SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 


SCi1 and SC2 In Single Chip Mode 


In Single Chip Mode, SC1 and SC2 are configured as an 
input and output, respectively, and both function as Port 3 
control lines. SC1 functions as IS3 and can be used to in- 
dicate that Port 3 input data is ready or output data has been 
accepted. Three options associated with IS3 are controlled 
by the Port 3 Control and Status Register and are discussed 
in the Port 3 description. If unused, IS3 can remain uncon- 
nected. = 

SC2 is configured as OS3 and can be used to strobe out- 
put data or acknowledge input data. It is controlled by Out- 
put Strobe Select (OSS) in the Port 3 Control and Status 
Register. The strobe is generated by a read (OSS=0) or 
write (OSS=1) to the Port 3 Data Register. OS3 timing is 
shown in Figure 5. 


FIGURE 20 — MC68701 OSCILLATOR CHARACTERISTICS 
(a) Nominal Recommended Crystal Parameters 
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0.015 pF 
>40 k 





MC68701 Nominal Crystal Parameters 


0.025 pF 
>30 k 


0.01-0.02 pF 
>20k 


0.01-0.02 pF 
> 20 k 


0.01-0.02 pF 
>20k 


*Note: These are representative AT-cut crystal parameters only. Crystals of other types of 
cuts may also be used. 


CL = 20 pF (typical) 


NOTE 
TTL-compatible oscillators may be 
obtained from: 


Motorola Component Products 


Attn: Data Clock Sales 
2553 N. Edginton St. 
Franklin Park, IL 60131 

Tel: 312-451-1000 

Telex: 433-0067 





Co 


Equivalent Circuit 


(b) Oscillator Stabilization Time (trc) 


4.75 V 
Vcc 





RESET 
. —— ; 


See 


JUUU 


0.4 V 


Oscillator 
Stabilization 
Time, tac 


MOTOROLA MICROPROCESSOR DATA 


3-191 








MC68701 


SC1 And SC2 In Expanded Non-Multiplexed Mode 


In the Expanded Non-Multiplexed Mode, both SC1 and 
SC2 are configured as outputs. SC1 functions as Input/Out- 
put Select (IOS) and is asserted only when $0100 through 
$O1FF is sensed on the ‘internal address bus. | 

SC2 is configured as Read/Write and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 


SC1 And SC2 In Expanded Multiplexed Mode 


In the Expanded Multiplexed Modes, both SC1 and SC2 
are configured as outputs. SC1 functions as Address Strobe 
and can be used to demultiplex the eight least significant ad- 
dresses and the data bus. A latch controlled by Address 
Strobe captures address on the.negative edge, as shown in 
Figure 15. 

SC2 is configured as Read/Write and is used to control 
the direction of data bus transfers. An MPU read is enabled 
when Read/Write and E are high. 


P10-P17 (PORT 1) 


Port 1 is a mode independent 8-bit I/O port with each line 
an input or output as defined by the Port 1 Data Direction 
Register. The TTL compatible three-state output buffers can 
drive one Schottky TTL load and 30 pF, Darlington tran- 
sistors, or CMOS devices using external pullup resistors. It is 
configured as a data input port by RESET. Unused lines can 
remain unconnected. 


P20-P24 (PORT 2) 


Port 2 is a mode-independent, 5-bit, multipurpose |/O 
port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The Port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the Port 2 Data Direc- 
tion Register. The Port 2 Data Register is used to move data 
through the port. However, if P21 is configured as an out- 
put, it will be tied to the timer Output Compare function and 
cannot be used to provide output from the Port 2 Data 
Register. 

Port 2 can also be used to provide an interface for the 
Serial Communications Interface and the timer Input Edge 
function. These configurations are described in the ap- 
propriate SCI and Timer sections of this publication. 

The Port 2 high-impedance, TTL compatible output buf- 
fers are capable of driving one Schottky TTL load and 30 pF 
or CMOS devices using external pullup resistors. 





PORT 2 DATA REGISTER 





P30-P37 (PORT 3) 


Port 3 can be configured as an I/O port, a bidirectional 
8-bit data bus, or a multiplexed address/data bus depending 
on the operating mode. The TTL compatible three-state out- 
put buffers can drive one Schottky TTL load and 90 pF. 
Unused lines can remain unconnected. 


Port 3 In Single-Chip Mode 

Port 3 is an 8-bit 1/O port in the Single-Chip Mode, with 
each line configured by the Port 3 Data Direction Register. 
There are also two lines, [S3 and OS3, which can be used to 
control Port 3 data transfers. 

Three Port 3 options are controlled by the Port 3 Control 
and Status Register and are available only in Single-Chip 
Mode: (1) Port 3 input data can be latched using !S3 as a 
control signal, (2) OS3 can be generated by either an MPU 
read or write to the Port 3 Data Register, and (3) an IRQ1 in- 
terrupt can be enabled by an |S3 negative edge. Port 3 latch 
timing is shown in Figure 4. 


PORT 3 CONTROL AND STATUS REGISTER 





7 6 5 4 3 2 1 0 
Latch 
Bit 0-2 Not used. 
Bit 3 LATCH ENABLE. This bit controls the 


input latch for Port 3. If set, input data 
is latched by an 1S3 negative edge. The 
latch is transparent after a read of Port 
3 Data Register. LATCH ENABLE is 
cleared during reset. 


Bit 4 OSS (Output Strobe Select). This bit 
determines whether OS3 will be 
generated by a read or write of the Port 
3 Data Register. When clear, the 
strobe is generated by a read; when 
set, it is generated by a write. OSS is 
Cleared during reset. 


Bit 5 Not used. 


Bit 6 IS3 IRQ1 ENABLE. When set, an IRO1 
interrupt will be enabled whenever |S3 
FLAG is set; when clear, the interrupt 
is inhibited. This bit is cleared during 
reset. 


Bit 7 1S3 FLAG. This read-only status bit is 
set by an IS3 negative edge. It is 
cleared by a read of the Port 3 Control 
and Status Register (with IS3 FLAG 
set) followed by a read or write to the 
Port 3 Data Register or during reset. 


Port 3 In Expanded Non-Multiplexed Mode 


Port 3 is configured as a bidirectional data bus (D7-D0) in 
the Expanded Non-Multiplexed Mode. The direction of data 
transfers is controlled by Read/Write (SC2). Data is clocked 
by E (Enable). 


Port 3 In Expanded Multiplexed Mode 

Port 3 is configured as a time multiplexed address (A0-A7) 
and data bus (D7-DO) in the Expanded Multiplexed Modes 
where Address Strobe (AS) can be used to demultiplex the 
two buses. Port 3 is held in a high impedance state between 
valid address and data to prevent potentional bus conflicts. 
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P40-P47 (PORT 4) 


Port 4 is configured as an 8-bit |/O port, as address out- 
puts, or as data inputs depending on-the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF and is the 
only port with internal pullup resistors. Unused lines can re- 
main unconnected. 


Port 4 In Single Chip Mode 


In Single Chip Mode, Port 4 functions as an 8-bit I/O port 
with each line configured by the Port 4 Data Direction 
Register. Internal pullup resistors allow the port to directly in- 
terface with CMOS at 5 volt levels. External pullup resistors 
to more than 5 volts, however, cannot be used. 


Port 4 In Expanded Non-Multiplexed Mode 


Port 4 is configured during reset as an 8-bit input port, 
where the Port 4 Data Direction Register can be written to 
provide any or all of eight address lines AO to A7. Internal 
pullup resistors pull the lines high until the Port 4 Data Direc- 
tion Register is configured. 


Port 4 In Expanded Multiplexed Mode 


In all Expanded Multiplexed modes except Mode 6, Port 4 
functions as half of the address bus and provides A8 to A15. 
In Mode 6, the port is configured during reset as an 8-bit 
parallel input port, where the Port 4 Data Direction Register 
can be written to provide any or all of upper address lines A8 
to A15. Internal pullup resistors pull the lines high until the 
Port 4 Data Direction Register is configured, where bit 0 con- 
trols A8. 


RESIDENT MEMORY 


The MC68701 has 128 bytes of onboard RAM and 2048 
bytes of onboard UV erasable EPROM. This memory is con- 
trolled by four bits in the RAM/EPROM Control Register. 

One half of the RAM is powered through the Vcc standby 
pin and is maintainable during VCC powerdown. This stand- 
by portion of the RAM consists of 64 bytes located from $80 
through $BF. 

Power must be supplied to Vcc standby if the internal 
RAM is to be used, regardless of whether standby power 
operation is anticipated. In Mode 3, Vcc standby should be 
tied to ground. 

The RAM is controlled by the RAM/EPROM Control 
Register. 


RAM/EPROM CONTROL REGISTER ($14) 


The RAM/EPROM Control Register includes four bits: 
STBY PWR, RAME, PPC, and PLC. Two of these bits, 
STBY PWR and RAME, are used to contro! RAM access and 
determine the adequacy of the standby power source during 
power-down operation. It is intended that RAME be cleared 
and STBY PWR be set as part of a power-down procedure. 
RAME and STBY PWR are Read/Write bits. 

The remaining two bits, PLC and PPC, control the opera- 
tion of the EPROM. PLC and PPC are readable in all modes 
but can be changed only in Mode 0. The PLC bit can be writ- 
ten without restriction in Mode 0, but operation of the PPC 
bit is controlled by the state of PLC. 

Associated with the EPROM are an 8-bit data latch and a 
16-bit address latch. The data latch is enabled at all times, 
latching each data byte written to the EPROM. The address 
latch is controlled by the PLC bit. 

A description of the RAM/EPROM Control Register 
follows. 


MC68701 RAM/EPROM CONTROL REGISTER 


7 6 5 4 3 2 1 0 
STBY $14 


Bit O PLC. Programming Latch Control. 
This bit controls (a) a latch which cap- 
tures the EPROM address to be pro- 
grammed and (b) whether the PPC bit 
can be cleared. The latch is triggered 
by an MPU write to a location in the 
EPROM. This bit is set during reset 
and can be cleared only in Mode 0. The 


PLC bit is defined as follows: 


PLC=Q0Q EPROM address latch 
enabled; EPROM address is latched 
during MPU writes to the EPROM. 

PLC=1 EPROM address latch is 
transparent. 


PPC. Programming Power Control. 
This bit gates power from the 
RESET/Vpp pin to the EPROM pro- 
gramming circuit. PPC is set during 
reset and whenever the PLC bit is set. 
It can be cleared only if (a) operating in 
Mode 0, and (b) if PLC has been 
previously cleared. The PPC bit is 
defined as follows: . 

PPC=0Q EPROM programming 
power (Vpp) applied. 

PPC=1 EPROM programming 
power (Vpp) is not applied. 
Unused. 


RAM Enable. This Read/Write bit can 
be used to remove the entire RAM 
from the internal memory map. RAME 
is set (enabled) during reset provided 
standby power is available on the 
positive edge of reset. If RAME is 
clear, any access to a RAM address is 
external. If RAME is set and not in 
Mode 3, the RAM is included in the in- 
ternal map. 

Standby Power. This bit is a read/ 
write status bit which, when once set, 
remains set as long as VCc¢ standby re- 
mains above Vspp (minimum). As 
long as this bit is set following a period 
of standby operation, the standby 
power supply has adequately preserv- 
ed the data in the standby RAM. If this 
bit is cleared during a period of stand- 
by operation, it indicates that Vcc 
standby had fallen to a level suffi- 
ciently below VspBR (minimum) to 
suspect that data in the standby RAM 
is not valid. This bit can be set only by 
software and is not affected during 
reset. 


Bit 1 





Bit 2-5 
Bit 6 RAME 


Bit 7 STBY PWR 


Note that if PPC and PLC are set, they cannot be 
simultaneously cleared with a single MPU write. The PLC bit 
must be cleared prior to attempting to clear PPC. If both PPC 
and PLC are clear, setting PLC will also set PPC. In addition, 
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it is assumed that Vpp is applied to the RESET/Vpp pin 
whenever PPC is clear. If this is not the case, the result is 
undefined. 


ERASING THE MC68701 EPROM 


Ultraviolet erasure will clear all bits of the EPROM to the 
“O"' state. Note that this erased state differs from that of 
some other widely used EPROMs (such as the MCM68708) 
where the erased state is a ‘1°. The MC68701 EPROM is 
programmed by erasing it to ‘‘0’s’’ and entering ‘’1’s”’ into 
the desired bit locations. . . 

The MC68701. EPROM can be erased by exposure to high 
intensity ultraviolet light with a wave length of 2537A for a 
minimum of 30 minutes. The recommended integrated dose 
(UV intensity X exposure time) is 15 Ws/cm. The lamps 
should be used without shortwave filters and the MC68/01 
should be positioned about one inch away from the UV 
tubes. 

The MC68701 transparent lid should always be covered 
after erasing. This protects both the EPROM and light- 
sensitive nodes from accidental exposure to ultraviolet light. 


PROGRAMMING THE MC68701 EPROM 


When the MC68701 is released from Reset in Mode 0, a 
vector is fetched from location $BFFE:BFFF. This provides a 
method for an external program to obtain control of the 
microcomputer with access to every location in the EPROM. 

To program the EPROM, it is necessary to operate the 
MC68701 in Mode 0 under the control of a program resident 
in external memory which can facilitate loading and pro- 
gramming of the EPROM. After the pattern has been loaded 
into external mienOry, the EPROM can be programmed as 
follows: 

a. Apply sieorauiming power (Vpp) to the RESET/Vpp 

pin. 

b. Clear the PLC control bit and set the PPC bit by 
writing $FE to the RAM/EPROM Control Register. 

c. Write data to the next EPROM location to be pro- 
grammed. Triggered by an MPU write to the 
‘EPROM, internal latches capture both the EPROM 
address and the data byte. 

d. Clear the PPC bit for programming time, top. by 
writing $FC to the RAM/EPROM Control Register 
and waiting for time, top. This step gates the pro- 
gramming power (Vpp) from the RESET/Vpp pin to 
the EPROM which programs the location. 

e. Repeat steps b through d for each byte to be pro- 
grammed. 

f. Set the PLC and PPC bits by writing $FF to the 
RAM/EPROM control register. 


g. Remove the programming power (Vpp) from the 
RESET/Vpp pin. The EPROM can now be read and 
verified. 


Because of the erased state of an EPROM byte is $00, it is 
not necessary to program a location which is to contain $00. 
Finally, it should be noted that the result of inadvertently 
programming a location more than once is the logical OR of 
the data patterns. 


PRObug is a trademark of Motorola Inc. | 


A routine which can be used to program the MC68701 
EPROM is provided at the end of this publication. This non- 
reentrant routine requires four double byte variables named 
IMBEQ, IMEND, PNTR, and WAIT to be initialized prior to 
entry to the routine. These variables indicate (a) the first and 
last memory locations which bound the data to be program- 
med into the EPROM, (b) the first EPROM location to be pro- 
grammed, and (c) a number which is’ used to generate 
the programming time delay. The last variable, WAIT, takes 
into account the MCU input crystal (or TTL-compatible 
clock) frequency to insure the programming time, typ, is 


met. WAIT is defined as the number of MPU E-cycles that 


will occur in the real-time EPROM programming interval, 
top. For example, if top = 50 milliseconds and the MC68701 
is being driven with a 4.00 MHz TTL-compatible clock: 
WAIT (MPU E-cycles) = .top*(MCU INPUT FREQ/)4x 106 
= 50000(4 « 108) /4+ 106 
= 50000 


NOTE 


A monitor program called PRObug _ is available from 
Motorola Microsystems. PRObug contains a user option for 
programming the on-board MC68701 EPROM. 


PROGRAMMABLE TIMER 


The Programmable Timer can be used to perform input 
waveform measurements while independently generating an 
output waveform. Pulse widths can vary from several 
microseconds to many seconds. A block diagram of the 
Timer is shown in Figure 21. 


COUNTER ($09:0A) | 

The key timer element is a 16-bit free-running counter 
which is incremented by E (Enable). It is cleared during reset 
and is read-only with one exception: a write to the counter 
($09) will preset it to $FFF8. This feature, intended for 
testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. TOF is set whenever 
the counter contains all 1‘s. 


OUTPUT COMPARE REGISTER ($0B:0C) 


The Output Compare Register is a 16-bit Read/Write 
register used to control an output waveform or provide an ar- 
bitrary timeout flag. It is compared with the free-running 
counter on each E-cycle. When a match occurs, OCF is set 
and OLVL is clocked to an output level register. If Port 2, bit 
1, is configured as an output, OLVL will appear at P21 and 
the Output Compare Register and OLVL can then be 
changed for the next compare. The function is inhibited for 
one cycle after a write to the high byte of the Compare 
Register ($OB) to ensure a valid compare. The Output Com- 
pare Register is set to $FFFF during reset. 


INPUT CAPTURE REGISTER ($0D:0E) 


The Input Capture Register is a 16-bit read-only register 
used to store the free-running Counter when a ‘‘proper’” in- 
put transition occurs as defined by IEDG. Port 2, bit O should 
be configured as an input, but the edge detect circuit always 
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FIGURE 21 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER 
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senses P20 even when configured as an output. An input 
Capture can occur independently of ICF: the register always 
contains the most current value. Counter transfer is in- 
hibited, however, between accesses of a double byte MPU 
read. The input pulse width must be at least two E-cycles to 
ensure an input Capture under all conditions. 


TIMER CONTROL AND STATUS REGISTER ($08) 


The Timer Control and Status Register (TCSR) is an 8-bit 
register of which all bits are readable while bits 0-4 can be 
written. The three most significant bits provide the timer 
Status and indicate if: 


@ a proper level transition has been detected, 


@ a match has occurred between the free-running 
counter and the output compare register, and 


@ the free-running counter has overflowed. 


Each of the three events can generate an IRQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 


TIMER CONTROL AND STATUS REGISTER (TCSR) 


7 6 5 4 3 2 1 0 
er [oer [oF [ea roo] sof coro] om 
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Input Capture 
Register 


Output input 
Level Edge 
Bit 1 Bit 0 
Port 2 Port 2 


Output level. OLVL is clocked to the 
output level register by a successful 
output compare and will appear at P21 
if Bit 1 of the Port 2 Data Direction 
Register is set. It is cleared during 
reset. 

Input Edge. IEDG is cleared during 
reset and controls which level transi- 
tion will trigger a counter transfer to 
the Input Capture Register: 

lIEDG =O Transfer on a negative-edge 
lIEDG=1 Transfer on a positive-edge. 
Enable Timer Overflow Interrupt. 
When set, an IRQ2 interrupt is enabled 
for a timer overflow; when clear, the 
interrupt is inhibited. It is arleatee ours 
ing reset. 

Enable Output_ Compare Interrupt. 
When set, an IRQ2 interrupt is enabled 
for an output Compare; when clear, 
the interrupt is inhibited. It is cleared 
during reset. 

Enable Input Capture Interrupt. When 
set, an |RQ2 interrupt is enabled for an 
input capture; when clear, the inter- 
rupt is inhibited. It is cleared during 
reset. 











MC68701. 


Bit 5 TOF 
the counter contains all 1’s. 
cleared by reading the TCSR (with 
TOF set) then reading the counter high 
byte ($09), or by RESET. . 

Output Compare Flag. OCF is set 
when the Output Compare Register 
matches the free-running counter. It is 
cleared by reading the TCSR (with 
OCF set) and then writing to the Out- 
put Compare Register ($0B or $OC), or 
by RESET. ; 
Input Capture Flag. ICF is set to in- 
dicate a proper level transition; it is 
cleared by reading the TCSR (with ICF 


Bit 6 OCF 


Bit 7 ICF 


set) and then the Input Capture 
Register High Byte ($0D), or by 
RESET: 


SERIAL COMMUNICATIONS INTERFACE (SCI) 


A full-duplex asynchronous Serial Communications Inter- 
face (SCI) is provided with two data formats and a variety of 
rates. The SCI transmitter and receiver are functionally in- 
dependent, but use the same data format and bit rate. Serial 
data formats include standard mark/space (NRZ) and Bi- 
phase and both provide one start bit, eight data bits, and one 
Stop bit. ‘‘Baud” and “‘bit rate’’ are used synonymously in 
the following description. | 


WAKE-UP FEATURE 

In a typical serial loop multi-processor configuration, the 
software protocol will usually identify the addressee(s) at the 
beginning of the message. In order to permit uninterested 
MPU’s to ignore the remainder of the message, a wake-up 
feature is included whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until the data line goes 
idle. An SCl receiver is re-enabled by an idle string of’ 11 
consecutive 1’s or during reset. Software must provide for 
the required idle string between consecutive messages and 
prevent it within messages. 


PROGRAMMABLE OPTIONS | 
The following features of the SCI are programmabie: 
@ format: standard mark/space (NRZ) or Bi-phase _ 
@ clock: external or internal bit rate clock 


@ Baud : one of 4 per E-clock frequency, or ex- 
ternal clock (X8 desired baud) — 


wake-up feature: enabled or disabled . 

interrupt requests: enabled individually for trans- 
mitter and receiver 

clock output: internal bit rate clock enabled or dis- 
abled to P22 . 


SERIAL COMMUNICATIONS REGISTERS 

The Serial Communications Interface includes four ad- 
dressable registers as depicted in Figure 22. It is controlled 
by the Rate and Mode Control Register and the 


Timer Overflow Flag. TOF is set when — - 
It is. 


Transmit/Receive Control and Status Register. Data is 
transmitted and received utilizing a write-only Transmit 
Register and a read-only Receive Register. The shift registers 
are not accessible to software. . 


_ Rate and Mode Control Register (RMCR) ($10) 


The Rate and Mode Control Register controls the SCI bit 
rate, format, clock.Source, and under certain conditions, the 
configuration of P22. The register consists of four write-only 
bits which are cleared during reset. The two least significant 
bits control the bit rate of the internal clock and the remain- 
ing two bits control the format and clock source. 


- RATE AND MODE CONTROL REGISTER (RMCR) 


is 6 5 4 3 2 1 0 

so0t0 
Bit 1:Bit O SS1:SSO Speed Select. These two 
bits select the Baud rate when using 
the internal clock. Four rates may be 
selected which are a function of the 
MCU input frequency. Table 6 lists bit 
time and rates for three selected MCU 
frequencies. 


CC1:CCO Clock Control and Format 
Select. These two bits control the for- 
mat and select the serial clock source. 
If CC1 is set, the DDR value for P22 is 
forced to the complement of CCO and 
cannot be altered until CC1 is cleared. 
lf CC1 is cleared after having been set, 
its DDR value is unchanged. Table 7 
defines the formats, clock source, and 
use of P22. 

If both CC1 and CCO are set, an external TTL compatible 
clock must be connected to P22 at eight times (8X) the 
desired bit rate, but not greater than E, with a duty cycle of 
50% (+10%). If CC1:CCO= 10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 


NOTE: The source of SCI internal bit rate clock is the timer 
free running counter. An MPU write to the counter 
can disturb serial operations. 


Bit 3:Bit 2 


T 2. a re ee 8 


(TRCSR) ($11) 


The Transmit/Receive Control and Status Register con- 
trols the transmitter, receiver, wake-up feature, and two in- 
dividual interrupts and monitors the status of serial opera- 
tions. All eight bits are readable while bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 


ve Contre! And Status Register 


oO 
wir 





TRANSMIT/RECEIVE CONTROL AND STATUS 
REGISTER (TRCSR) 


7 6 5 4 


3 a 1 0 
J RORFORF TDRE}| RIE WU | $0011 
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TABLE 6 — SCi BIT TIMES AND RATES 


[fio | 24s7eMHz | 4.0MHz | 4.9152 MHz 
PoE | 64 KHe TO MHz | 1228B MHz 
0 
ae: 

External (P22) Up to 76,800 Baud 


















Up to 153,600 Baud 





TABLE 7 — SC! FORMAT AND CLOCK SOURCE CONTROL 


CC1:CCO Format Clock Source Port 2, Bit 2 


0 0 Bi-Phase Internal Not Used 
0 1 
1 O 
1 1 
























NRZ Internal Not Used 
NRZ Internal Output 
NRZ External Input 






FIGURE 22 — SCI REGISTERS 
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Bit O WU 


Bit 1 TE 


Bit 2 TIE 


Bit 3 RE 


Bit 4 RIE 


Bit 5 TDRE 


Bit 6 ORFE 


Mc68701 


“Wake-up” on Idle Line. When set, 


WU enables the wake-up function; it is. 


cleared by'11 \consecutive 1's or dur- 
ing reset. WU will not set if the line is 
idle. 


Transmit Enable. When sét, P24 DDR 


remain set if TE is subsequently 
cleared. When TE is changed: from 
clear to set, the transmitter is con- 
nected to P24 and a preamble of nine 
consecutive 1‘s is transmitted. TE is 
cleared during reset. 

Transmit Interrupt Enable. When set, 
an IRQ2 interrupt is enabled when 
TDRE is set; when clear, the interrupt 
is inhibited. TE is cleared during reset. 
Receive Enable. When set, the P23 
DDR bit is cleared, cannot be chang- 
ed, and will remain clear if RE is subse- 
quently cleared. While RE is set, the 
SCI receiver is enabled. RE is cleared 
during reset. 

Receiver Interrupt Enable. When set, 
an |IRQ2 interrupt is enabled when 
RDRF and/or ORFE is set; when clear, 


during reset. 
Transmit Data Register Empty. TDRE 


bit is set, cannot be changed, and will © 


— the interrupt is inhibited. RIE is cleared - 


is set when the Transmit Data Register _ 


is transferred to the output serial shift 
register or during reset. It is cleared by 


reading the TRCSR (with TDRE set) - 
and then writing to the Transmit Data . 


Register. Additional: data will .be 
transmitted only if TDRE has been 
cleared. 


Overrun Framing Error. If set, ORFE in- 
dicates either an overrun or framing er- 
ror. An overrun is a new byte ready to 
transfer to the Receiver Data Register 
with RDRF still set. A receiver framing 
error has occurred when the byte 
boundaries of the bit stream are not 


synchronized to the bit counter. An 
overrun can be distinguished from a 
framing error by the state of RDRF: if 
RDRF is set, then an overrun has oc- 
curred; otherwise a framing error has 
been detected. Data is not transferred 
to the Receive Data Register in an 
‘overrun condition. Unframed data 
causing a framed error is transferred to 
the Receive Data Register. However, 
subsequent data transfer is blocked 
until the framing error flag is cleared.* 
ORFE is cleared by reading the TRCSR 
(with ORFE set) then the Receive Data 
Register, or during reset. 

Receive Data Register Full. RORF is 
set when the input serial shift register 
is transferred to the Receive Data 
Register. It is cleared by reading the 
TRCSR (with RDRF set), and then the 
Receive Data Register, or during reset. 


Bit 7 RDRF 


SERIAL OPERATIONS 


The SCI is initialized by writing control bytes first to the 
Rate and Mode Control Register and then to the 
Transmit/ Receive Control and Status Register. When TE is 
set, the output of the transmit serial shift register is con- 
nected to P24 and serial output is initiated by transmitting to 
9-bit preamble of 1's. 

At this point one of two Situations exist: 1) if the Transmit 
Data Register is empty (TDRE= 1), a continuous string of 1's 
will be sent indicating an idle line, or 2) if a byte has been 
written to the Transmit-Data Register (TDRE=0), it will be 
transferred to the output serial shift register (synchronized 
with the bit rate clock), TDRE will be set, and transmission 
will begin. 

The start bit (0), eight data bits (beginning with bit 0) anda 
stop bit (1), will be transmitted. If TDRE is still set when the 
next byte transfer should. occur, 1’s will be sent until more 
data is provided. In Bi-phase format, the output toggles at 
the start of each bit and at half-bit time when a ‘’1”’ is sent. 
Receive operation is controlled by RE which configures P23 
as an input and enables the receiver. SCI data formats are il- 
lustrated in Figure 23. 


FIGURE 23 — SCI DATA FORMATS 
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* Devices made with mask numbers T7A and CB4 do not transfer unframed data to the Receive Data Register. 


MOTOROLA MICROPROCESSOR DATA 


3-198 





MC68701 


INSTRUCTION SET 


The MC68701 is upward source and object code compati- 
ble with the MC6800. Execution times of key instructions 
have been reduced and several new instructions have been 
added, including a hardware multiply. A list of new opera- 
tions added to the MC6800 instruction set is shown in 
Table 1. In addition, two new special opcodes, 4E and bE, 
are provided for test purposes. These opcodes force the pro- 
gram counter to increment like a 16-bit counter, causing ad- 
dress lines used in the expanded modes to increment until 
the device is reset. These opcodes have no mnemonics. 

The coding of the first (or only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
instructions in, all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 reserved for test purposes. 


PROGRAMMING MODEL 


A programming model for the MC68701 is shown in Figure 
9. Accumulator A can be concatenated with accumulator B 
and jointly referred to as accumulator D where A is the most 
significant byte. Any operation which modifies the double 
accumulator will also modify accumulator A and/or B. Other 
registers are defined as follows: 


Program Counter — The program counter is a 16-bit 
register which always points to the next instruction. 


Stack Pointer — The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup (LIFO) queue. The stack resides in ran- 
dom access memory at a location defined by the program- 
mer. 


Index Register — The Index Register is a 16-bit register 


which can be used to store data or provide an address for the 
indexed mode of addressing. 


Accumulators The MCU contains two 8-bit ac- 
cumulators, A and B, which are used to store operands and 
results from the arithmetic logic unit (ALU). They can also be 
concatenated and referred to as the D (double) accumulator. 

Condition Code Registers — The condition code register 
indicates the results of an instruction and includes the 
Overflow (V), Carry/Borrow from MSB (C), and Half Carry 
following five condition bits: Negative (N), Zero (2), 


from bit 3 (H). These bits are testable by the conditional 
branch instructions. Bit 4 is the interrupt mask (I-bit) and in- 
hibits all maskable interrupts when set. The two unused bits, 
B6 and B7 are read as ones. 


ADDRESSING MODES 


The MC68701 provides six addressing modes which can be 
used to reference memory. A summary of addressing modes 
for all instructions is presented in Tables 9, 10, 11, and 12 
where execution times are provided in E cycles. Instruction 
execution times are summarized in Table 13. With an input 
frequency of 4 MHz, E cycles are equivalent to micro- 
seconds. A cycie-by-cycle description of bus activity for 
each instruction is provided in Table 14 and a description of 
selected instructions is shown in Figure 24. 


immediate Addressing — The operand or “immediate 
byte(s)"’ is contained in the following byte(s) of the instruc- 
tion where the number of bytes matches the size of the 
register. These are two or three byte instructions. 


Direct Addressing — The least significant byte of the 
operand address is contained in the second byte of the in- 
struction and the most significant byte is assumed to be $00. 
Direct addressing allows the user to access $00 through $FF 
using two byte instructions and execution time is reduced by 
eliminating the additional memory access. In most applica- 
tions, the 256-byte area is reserved for frequently referenced 
data. 


Extended Addressing — The second and third bytes of the 
instruction contain the absolute address of the operand. 
These are three byte instrutions. 


Indexed Addressing — The unsigned offset contained in 
the second byte of the instruction is added with carry to the 
Index Register and used to reference memory without 
changing the Index Register. These are two byte instruc- 
tions. 


Inherent Addressing — The operand(s) are registers and 
no memory reference is required. These are single byte in- 
structions. 


Relative Addressing — Relative addressing !s used only for 
branch instructions. If the branch condition is true, the Pro- 
gram Counter is overwritten with the sum of a signed single 
byte displacement in the second byte of the instruction and 
the current Program Counter. This provides a branch range 
of — 126 to 129 bytes from the first byte of the instruction. 
These are two byte instructions. 
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TABLE 8 — CPU INSTRUCTION MAP 


™ 


MNEM MODE MNEM MODE # [OP MNEM MODE MNEM MODE MNEM MODE 


DES . INHER INDXD 9C CPX SUBB DIR- 3 

NOP INHER 2 ™S . pf 9D JSR CMPB 3 
PSHA LDS D2 SBCB 3 
PSHB | 9F STS DIR D3. ADDD 5 
PULX 5. AO SUBA_ INDXD ANDB 3 
RTS CMPA D5 BITB 3 
3A. ABX A2 SBCA D6  LDAB 3 
RTI A3 SUBD D7 STAB 3 
3C  PSHX A4  ANDA D8 E0ORB 3 
MUL A5 BITA D9 ADCB 3 
" WAI AB LDAA DA ORAB 3 
SWI COM STAA DB ADDB 3 
NEGA LSR A8  EORA DC LDD 4 
° AQ ADCA DD STD 4 

ROR AA ORAA DE LOX 4 

ASR AB ADDA DF STX 4 

ASL AC CPX —O  SUBB 4 

ROL AD JSR £1 CMPB 4 

DEC AE LDS £2 SBCB 4 

° AF STS — INDXD £3 ADDD 6 

INC BO SUBA  EXTND ANDB 4 

TST B1  CMPA & BITB 4 

JMP B2 SBCA LDAB 4 

CLR EXTND B3 SUBD STAB 4 

SUBA IMMED B4 ANDA EORB 4 

4 

4 

4 

5 

5 

5 

5 

4 

4 

4 

6 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 


ne ne Se Se ee EY DC 


DaDA®D MD 


CMPA B5 —sBITA ADCB 

SBCA B6 LDAA ORAB 

SUBD STAA ADDB 

ANDA B8 EQORA LOD 

BITA B9  ADCA STD 

LDAA ORAA LOX 

° ADDA STX 

EORA CPX SUBB 

ADCA JSR CMPB 

ORAA LOS SBCB 

ADDA STS ADDD 

CPX SUBB ANDB 

BSR CMPB BITB 

LDS SBCB LDAB 

. C3 ADDD STAB 

SUBA C4 ANDB EORB 

CMPA C5 BITB ADCB 

SBCA C6 LDAB ORAB 

SUBD C7 ADDB 

ANDA C8 £0RB LOD 

BITA c9  ADCB STD 

LDAA CA ORAB LOX 
COM iH STAA ADDB STX  EXTND 
LSR EORA LDD 
° ) ADCA cD # UNDEFINED OP CODE 
ROR ORAA CE LDX  IMMED 
ASR INDXD ADDA CF oe 





NN DY BHM NH DY OW OD O® 
NNN WNHNHNN WWW WwW 


WM & MN DH DH 
WH WRN PD NA 
NNN WNHNH NH WWW WWW WW WWW WWW WW NHN NNN YN NY HY HY HY NH AH NY LK KH KH A LN 


5 
5 
4 
4 
4 
4 
4 
6 
4 
4 
4 
4 
4 
. 4 
4 
4 
6 
6 
5 
5 
4 
4 
4 
6 
4 
4 
4 
4 
4 
4 
4 
4 
6 
6 
5 
5 
2 
2 
2 
4 
2 
2 
2 


WWWWWW WWW WW WWW WWNHNYNH NNN DNDN NYDN NN NY NH NYY DY HHH HY HH WN NHN ADH AN 


WON KD NY 
Wh NH Rh 


PEWWW WW WWW WWW WW WWD WwW Ww Ww 
w 
w 


=a KF RP KH NNO NHN HH YM NM DH HD NY NP AN ND A> 


DWWWWWWOW EW Ww WwW 
NNN NH MH NH KH KH A NH PH NHN 





NOTES: 
1. Addressing Modes 
INHER Inherent INDXDamindexed IMMED#/mmediate 
REL # Relative EXTND Extended DIR = Direct 
2. Unassigned opcodes are indicated by ‘’®’’ and should not be executed. 
3. Codes marked by ‘’T’’ force the PC to function as a 16-bit counter. 
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TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 





Pointer Operations 


Compare Index Register 





Decrement Index Register 


Decrement Stack Pointer 


increment Index Register 





Increment Stack Pointer 


Load index Register 





: fe[efele[alalalalelele |e fo | 
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<< 
2 fefe[e [efter be[e [ele |e [| 
= 
> 
¢ 
5 fefefelelelelelolelele fe fo | 
: fe[e[efelelefelefelele le fe | 
§ | |_| alee 
5 ‘It ] +2 ttitt 
¢ & t ats - laa 
$3 ee i L1S2 
8 ~s Qa + i a 4 
Sez) 13| [SlelZcl@lalx|_ |e aa & 
S| +) x< t es eS a se 1) XIHMN 
Slel¢ (tip |-| Asie rltlp jeeytt 
git os 4 |x] t t ack ; pia 
=|-Tri- jolt] t r1-|3)x |f + + 
I} tjapejo Tila]! fatto rlaa 
xix 1O],xjJAeJ[elalx]jon}|x|lolalx xjnwn 
Rae i ee ae 
BL felefefel | TT fefefms fo | 
“18 [glsiais| { | | islsisis [s_ | 
fo] [Tf fefmleley | tT tt 
no] 
¢ 
ello] [Tt fefefefo} | TT 
PEscsssecccceceee 
fae) ae wim 
Eee c las ee ie 
Po? TT | fefefofo} Tt tT oT 
O usp io po Fie 
CREE 
=o] Tt tT deietejep | pp 
Fife, [Tt [ [sfeis[e] | 7 | ot 
sis] | | | [afelafs} | | | 
ea a ee ede ss 
| Peco reer 
sigt | | ft islet TET Et 
x|x lolx lolxlaixlelelxlx * 
O/OlO]=|=/S/S ala lF Fle |e =) 


Load Stack Pointer 

















Stack Pntr > Index Register 


Index Reg ~~ Stack Pointer 
Add 


Store Index Register 
Store Stack Pointer 


Push Data 
Pull Data 











TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 of 2) 
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statatatatatatatatatatatetatatatafele{efafetetatefatetetetatatatetetetatetetststs 
--| @|--|--|--;--|@ |@ |e |e |e jeje/ejeje/ejelelelelejejeleleieleleleleleiejeieieleiejeleleiele 


v v 
‘A nn 
< < <|a} <a =\<|a 1 
xp tet iste A. cE «|e Ed bed ed - 
rdf ba badd dl HSS Tel] OO iH tHe 
< a}<jalal<ja q |} |S |S1S || co FS fie fico {\alq|mlS\qjojs ag 


ee ese Sie lee ele te ae 

elsfoE TT TT TTT Iadefel adel Tf [sls] TT [ededed tefl tT delet [| [aldo 

lis] | | tT] ty iis] leis] | el Sts] | | is] isis! | | sis) | | | esis 
wpwo wTlw wT/wW wTjWw 

FCCP PPP Pre) ery lel el Teer! Tel Teel tT Pbellel TT 

eT | Isiefefefolelefol TT fol | fefe[ fol | [efoto] [| fol | (elefel | [elefolel | 

S| | ele isir| TTR, | fete] RT feleiet | LIS, | ISIE | feller) | 








Condition Codes 


HI IN| Zivic | 





Boolean 
Expression 
+C =—B 
-~A 
+M:M+1-—=-D 


+> 
+ 


Adj binary sum to BCD 





A+M+C#A 


00:B + X =X 
M:M +1 =D 






eT | Is|elelefolefelot TT fol | [ele] fol [ [efefo] | | tel | telelel | telefolo} | I | 

ie] | feleleleleletsia] |] is] | fete ie] | felele] | | ls} | eisie) | feieisis} | | 
< o <I © jw o << o <x uu 

fT [sfeleieieieley TTT TT islet Pe yefep pt delet Pd ieee TTT 

LT fofmfofofofmlet TTT TTT fle TTT fell TT Lt | fele| | ft felele| {| | 


1S) 
él | (aiaieiaieisle] | [tt Tt sisi UT iste] Tt tT tis] | sisi) | 
ECCS CTT CCST eT sles iele TT 


PL | tedesetefe tte? TTT TTT dedet TT ede? TT TT fede] Pf delete] TTT 
O} a }a io wv w - fo oR Toe) OO 
O;@IO/O O O © @}O O}JO 


mit jmjOi< I} <jia <\a 
SS SIRISIBIS Ele lalalaclSlSSSERRSSS ERB clocisse seagate 
pane Hames a_ | —)} J Wl uu 
Liciaiciciaiaiaicici(elaiai(cicicialalololojolSlSloloj ola lalalaluala 22/219 /9/9/2 (4/414 











oe 
ra 
B2 ; ; 
8 § = r 5 < 
o » 12 _ x o ~ 
Soll 8 2 = jales 4 E aie fe) = |2|= 
E al=(%\- ra] > £9 = 2 le = = (Sle 
E SlElols 3} ISE lee |. Ie © j2@ jele ig |§ {§ [alu 
3 Eldia| 3 ra} +72 1c £ |2 [8 © 16 e|& @ IE < |Ole — 
25 ~= ele = ® aie Qa oO 3 3 o of. 
Sigisis IB Iple [Ee lee jt els E 5] 6 Go Is 3 Ste 2 
D/U/o Dic fx ra Pa = 6|2 o |% ®}| ® x 2 ° o|o ~ 
Lidtig [<< [Lice lw Ol” oOo jOJO O |e ala w jf 4+ j3ajs 
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2) 








sisieleieieisle/# sie|siele/s|e|e/e/e|¢|s|e/s/sle/eleisleieis|s 
ofofelelolelelelelolelelele[elelele[e[elelelelelelelelelelelele 


Condition Codes 
HY tTN] 2] vi C | 
fefeiRi ti ete | 











Boolean 
Expression 








—> 
b7 
A-B+-A 
A-M-C 
B-M-C -B 
D —M:M + 1 
A-M+~A 
B-M~-B 
D-M:M+1 =D 
ASB 
BA sd 
[M-oO }F—=r 
[A-0O..-Fr—sz 
[s-00 


Stack —A 
tack ~B 


” 


ALC eet ett Pelle et beet TTT TT hat be 
aes see eseel eel tee tit LLL 1 Pel Be 
Oo 1M - 
eto) | | | fm] ff jelet Toy fet] [el fp jeleletesteatelefeo] ] fol f 
Meth acsearle niet eases et 
Be LULLED sil Del Del) pistsicteleleler Tel 
F OSRRRRSRRRSCRMMESUECRRRSCGSSCOSmNCER 
eC DCSE Er Reni erent cee eGhrE ier 


ols] | | | let | | leis] | || at | ist | | elslefsleleieley | fel 
jw iw 
TTT TTT TT fe) TT TTT TTT is feisfetalafalal TTT 


LTT TTT YT tele} | ETT TT TTT | pole fofeofefeofeofiol TT TT 


Sitti Tit tt sist TTT TTT | pls beisieleyatal | | fy 
BOTT is eT dete TT 
PT TTT TTT TT lef TPT iT Tsfefe TT 


N .o) 
BET t I TTT sist | TT TT is} tf aists] [Tt 


{}a/O {jm a\< ra] ma} I<{a] jqimia|m| j<ialo 
SS SISISRISEISE Eeecislislelsssseisclee sess 
afaj af atS/2z/ 2/2} 2 jolojala jc jal[aclacl(cicicio Diinlnlnlal ola hefoie Lie 





Accumulator and 
Memory Operations 


Shift Right, . 


Logical 


2's Complement 
Minus 


(Negate) 
Subtract Double 
Transfer Acmitr 


Multiply 

No Operation 
Inclusive OR 
Push Data 

Pull Data 
Rotate Left 
-Rotate Right 
Subtract Acmitr 

. Subtract with 
Carr 

Test, Zero or 





The condition code register notes are listed after Table 12. 
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS 














er ee 
Relative Inherent 

Operations Op] ~{ # {On| ~| # [Op] ~| # | Op] ~ | # [Op] ~| # | 
[Branch Aways ———« BRAT | | falsi2] | | | | 1] | _ 
[Branch Never BAN [| T [a[3t27 [| T | TTT TT 
[Branch Carry Car —-f ace] || fmfaf2; || | 11] 11 
acs} || fsista| [T1111 | 
fpranchit=Zero——=S=«éz we | | | (isfa; | | | || | | 
Boe | | | faci3}2{ | | |] | t | | | 
[Branchif >zeo_——S«d oT | | | jze(sf2] || |] |. 
‘Branch If Higher HT WN = 
[Branch If Higher or Same | BHS [|_| [| |2a{3t2{ | | | | | | [| | 
welt] l*beriT{Tfil i 
[Branch if Carry Set_ | BLO | | | fai3i2{ {| | | ttt tt 
[Branch Lower Orsame | as | | | [aist2| || 1 |] 111 
art {| joptetttliifit il. 
[Branch if Minus MITT OT | f2eest2t | | | TT |] 
[Branch If NotEqualZero | BNE | [| { |26}3)2] | | | | | | jt 
[Branch If Overtiow Clear [ BvC | [ | [2e}3t2] | | | | Tt | | | 
ast Tl j=eerll|tTiit i. 
Branch if Plus ff PLT OT | fzatat2t TT TT TT 
[Branch To Subroutine | asr| | | jeofel2] || | | {1 ii _ 
mp | | Tt TT Jeeta {2qeisi3t [| 
isn feo[s{2| | | [aofe|2feofelsy | |_| 
[No Operation {nop {| | ||| 1 i{ | tf folate 
[Return From intorupt | a» | | | | || [11 | [1 pefolr 
mS | ee 
[Software interupt «ssw f | | | || | 1] | [eefety 
[Wait For Interrupt 





Wait For Interrupt WAI Pt yt fy tt dp dy feefo ta] 











Operations 
Clear Carry 
Clear Interrupt Mask 
Clear Overflow 
Set Carry 
Set Interrupt Mask 
Set Overflow 
Accumulator A—* CCR 
CCR -— Accumulator A 


LEGEND CONDITION CODE SYMBOLS 
Op Operation Code (Hexadecimal) Half-carry from bit 3 
~ Number of MPU Cycles Interrupt mask 
Msp Contents of memory location pointed to by Stack Pointer Negative (sign bit) 
# Number of Program Bytes Zero (byte) 
+ Arithmetic Pius Overflow, 2's complement 
— Arithmetic Minus Carry/ Borrow from MSB 
¢ Boolean AND Reset Always 
X Arithmetic Multiply Set Always 
+ Boolean Inclusive OR Affected 
@ Boolean Exclusive OR Not Affected 
M Complement of M 
0 
00 


Nadi ¢ in ot ote ot > 


Transfer into 
Bit = Zero 
Byte= Zero 
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TABLE 13 — INSTRUCTION EXECUTION TIMES IN E CYCLES 





ws Sie ee 


a n[enereeeleeceees 
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ADDRESSING MODE 
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ADDRESSING MODE 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 14 provides a detailed description of the information 
present on the Address Bus, Data Bus, and the Read/Write 
(R/W) line during each cycle of each instruction. 

The information is useful in comparing actual with ex- 
pected results during debug of both software and hardware 
as the program is executed. The information is categorized in 
groups according to addressing mode and number of cycles 


per instruction. In general, instructions with the same ad- 
dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

Note that during MPU reads of internal locations, the 
resultant value will not appear on the external Data Bus ex- 
cept in Mode 0. ‘’High order’’ byte refers to the most signifi- 
cant byte of a 16-bit value. 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles| # Address Bus Line Data Bus 


IMMEDIATE 


Opcode Address 
Opcode Address + 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Address of Operand 


Opcode Address 

Opcode Address + 1 
Destination Address 
Opcode Address 

Opcode Address + 1 
Address of Operand 
Operand Address + 1 


Opcode Address 
Opcode Address + 1 
Address of Operand 
Address of Operand + 1 


Opcode Address 
Opcode Address + 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Subroutine Address 
Stack Pointer 

Stack Pointer—1 


1 
2 
3 
1 
2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 


Opcode 
Operand Data 


Opcode 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 
Address of Operand 
Operand Data 


Opcode 
Destination Address 
Data from Accumulator 


Opcode 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Address of Operand 

Register Data (High Order Byte) 
Register Data (Low Order Byte) 


Opcode 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 

Irrelevant Data 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 2 of 5) 


— (Cycle = R/W 
Cycles| # Address Bus — Line 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Opcode Address 

Opcode Address + 1 
Opcode Address + 2 
Address of Operand 






Data Bus 








Address Mode and 
_._Instructions 


EXTENDED sk 








Opcode 

Jump Address (High Order Byte) 
Jump Address (Low Order Byte) 
Opcode 
Address of Operand 

Address of Operand (Low Order Byte) 
Operand Data 























== =| 


PWN HF WH — 























Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Operand Destination Address: 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2° 
Address of Operand 
Address of Operand + 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2. 
Address of Operand. 
Address of Operand + 1 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address Bus FFFF 

Address of Operand 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Operand Address 

Operand Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Subroutine Starting Address 
Stack Pointer . 
Stack Pointer— 1 


_Opcode 
Destination Address (High Order Byte) 
Destination Address (Low Order Byte) 
Data from Accumulator 


Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data ae 
Low Byte of Restart Vector 

New Operand Data 
Opcode — 
Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 
Opcode . 
Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Opcode of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 













































he 


OnfP WH ITO & WH DH = 


























































OnhWh = 





*TST does not perform the write cycle during the sixth cycie. Tne sixth cycie is another address bus = $FFFF. 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 3 of 5) 


Address Mode and Cycle R/W 
Instructions ycles| # Address Bus Line Data Bus 


INDEXED 

Opcode Address Opcode 

Opcode Address + 1 Offset 

Address Bus FFFF Low Byte of Restart Vector 
Opcode Address Opcode 

Opcode Address + 1 Offset 

Address Bus FFFF Low Byte of Restart Vector 
Index Register Plus Offset Operand Data 


WN HH] ® DM — 


Opcode Address Opcode 

Opcode Address + 1 Offset 

Address Bus FFFF Low Byte of Restart Vector 
Index Register Plus Offset Operand Data 


Opcode Address Opcode 

Opcode Address + 1 Offset 

Address Bus FFFF Low Byte of Restart Vector 
Index Register Plus Offset Operand Data (High Order Byte) 
Index Register Plus Offset + 1 Operand Data (Low Order Byte) 


Opcode Address . Opcode 

Opcode Address + 1 Offset 

Address Bus FFFF Low Byte of Restart Vector 
Index Register Plus Offset Operand Data (High Order Byte) 
Index Register Plus Offset + 1 Operand Data (Low Order Byte) 


Opcode Address Opcode 

Opcode Address + 1 Offset . 

Address Bus FFFF Low Byte of Restart Vector 
Index Register Plus Offset Current Operand Data 
Address Bus FFFF Low Byte of Restart Vector 
Index Register Plus Offset New Operand Data 


Opcode Address Opcode 

Opcode Address + 1 Offset 

Address Bus FFFF Low Byte of Restart Vector 
Index Register + Offset Operand Data (High Order Byte) 
Index Register + Offset + 1 Operand Data (Low Order Byte) 
Address Bus FFFF Low Byte of Restart Vector 


Opcode Address Opcode 

Opcode Address + 1 Offset 

Address Bus FFFF Low Byte of Restart Vector 
Index Register + Offset First Subroutine Opcode 

Stack Pointer Return Address (Low Order Byte) 
Stack Pointer —1 Return Address (High Order Byte) 





1 
2 
3 
4 
5 1 
2 
3 
4 
5 
5 1 
2 
3 
4 
5 
1 
2 
3. 
4 
5 
6 
1 
2 
3° 
4 
5 
6 
1 
2 
3 
4 
5 
6 


* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5) 


Address Mode and | Cycle R/W > 
_. Instructions {Cycles} #. Address Bus Line Data Bus 


INHERENT 






























Opcode Address 
Opcode Address + 1 


Opcode 
Opcode of Next Instruction 










Opcode Address 
Opcode Address + 1° 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 

Previous Stack Pointer Contents 
Opcode Address 

Opcode Address + 1 

Address Bus FFFF 


Opcode 
Irrelevant Data 
Low Byte of Restart Vector 


Opcode 
Irrelevant Data 
Low Byte of Restart Vector 


Opcode © 
Opcode of Next Instruction 
Irrelevant Data 


Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 
Opcode 
Opcode of Next Instruction 
Accumulator Data 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 


Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 
Opcode 
| Opcode of Next Instruction 
Irrelevant Data 

Operand Data from Stack 
Opcode 
irrelevant Data 

Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Opcode 

Irrelevant Data 

Irrelevant Data 

Index Register (High Order Byte) 
Index Register (Low Order Byte) 
Opcode 
Irrelevant Data 

Irrelevant Data 

Address of Next Instruction (High Order Byte) 
Address of Next Instruction (Low Order Byte) 


Opcode 
Opcode of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Regi 



























Opcode Address 
Opcode Address + 1 
Stack Pointer 









Opcode Address 
Opcode Address + 1 
Stack Pointer 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer+ 1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer— 1 


Opcode Address 
Opcode Address + 1_ 
Stack Pointer 

Stack Pointer + 1 
Stack Pointer+ 2 
Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer + 1 
Stack Pointer + 2 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer —3 
Stack Pointer — 4 
Stack Pointer —5 
Stack Pointer —6 


































































coocece+ |= =-=-]-++--]902-[----|--4]---]e--|---|---|---[--- 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 


Address Mode and Cycle R/W 
Instructions Cycles} # Address Bus Line Data Bus 
























































INHERENT 
MUL 10 1 Opcode Address 1 Opcode 
2 Opcode Address + 1 1 Irrelevant Data 
3 Address Bus FFFF 1 Low Byte of Restart Vector 
4 Address Bus FFFF 1 Low Byte of Restart Vector 
5 Address Bus FFFF 1 Low Byte of Restart Vector 
6 Address Bus FFFF 1 Low Byte of Restart Vector 
7 Address Bus FFFF 1 Low Byte of Restart Vector 
8 Address Bus FFFF | 4 Low Byte of Restart Vector 
9 Address Bus FFFF 1 Low Byte of Restart Vector 
10 | Address Bus FFFF 1 Low Byte of Restart Vector 
RT| 10 1 Opcode Address 1 Opcode 
2 Opcode Address + 1 1 Irrelevant Data 
3 Stack Pointer 1 Irrelevant Data 
4 Stack Pointer+ 1 1 Contents of Condition Code Register from Stack 
5 Stack Pointer+ 2 1 Contents of Accumulator B from Stack 
6 Stack Pointer+3 1 Contents of Accumulator A from Stack 
7 Stack Pointer +4 1 Index Register from Stack (High Order Byte) 
8 Stack Pointer+5 ] Index Register from Stack (Low Order Byte) 
9 Stack Pointer+6 i Next Instruction Address from Stack (High Order Byte) 
10 | Stack Pointer+ 7 1 Next Instruction Address from Stack (Low Order Byte) 
SWI 12 1 Opcode Address 1 Opcode 
2 Opcode Address + 1 ] Irrelevant Data 
3 Stack Pointer 0 Return Address (Low Order Byte) 
4 Stack Pointer— 1 0 Return Address (High Order Byte) 
5 Stack Pointer — 2 0 Index Register (Low Order Byte) 
6 Stack Pointer—3 QO | Index Register (High Order Byte) 
7 Stack Pointer —4 0 Contents of Accumulator A 
8 Stack Pointer—5 0 Contents of Accumulator B 
9 | Stack Pointer—6 QO | Contents of Condition Code Register 
Stack Pointer — 7 1 Irrelevant Data 
Vector Address FFFA (Hex) 1 Address of Subroutine (High Order Byte) 
Vector Address FFFB (Hex) 1 Address of Subroutine (Low Order Byte) 
RELATIVE 


BCC BHT BNE BLO Op Code Address Op Code 

BCS BLE BPL BHS Op Code Address +1 Branch Offset 

BEQ BLS BRA BRN Address Bus FFFF Low Byte of Restart Vector 
BGE BLT BVC 

BGT BMT BVS 


Op Code Address Op Code 

Op Code Address +1 Branch Offset 

Address Bus FFFF Low Byte of Restart Vector 
Subroutine Starting Address Op Code of Next Instruction 
Stack Pointer Return Address (Low Order Byte) 
Stack Pointer -1 Return Address (High Order Byte) 





eae ee ae ee ee TE 
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JSR, Jump to Subroutine 


PC 


Direct 


RTN 


INDXD 
RTN 


EXTND 


RTN 


BSR, Branch To Subroutine 


Main Program SP Stack 
> 
+K= Offset > “SP-1 RTNyY 
JMP, Jump Main Program 
— $6E = JMP 
RTS, Return from Subroutine Samroune =P Stack NONE ¢ Extended 
— > sPp+2 RTNL 


Legend: 


Main Program 


$9D=JSR 


K = Direct Address 
















Main Program 


SAD = JSR 
K = Offset 


Main Program 


















FIGURE 24 — SPECIAL OPERATIONS 


SWI, Software Interrupt’ Main Program 


PC $3F = SWI —_> 


Stack WAI, Wait for Interrupt Main Program 


PC 
$3E= WAI 


RTNi 


RT!, Return from Interrupt Interrupt Program 


O_o 











RTN= Address of next instruction in Main Program to be executed upon return from subroutine 
RTNy = Most significant byte of Return Address 

RTN, = Least significant byte of Return Address 

— > = Stack Pointer After Execution 

K = 8-bit Unsigned Value 


K 














‘| Ky= Next Address 


Stack 


fed 


Stack 


Condition Code 














RTN i 


_Main Program 


$7E = JMP 






K._ = Next Address 


Next Instruction 
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00001 
00002 
00003 
00004 
00005 
00006 
00007 
00008 
00009 
00010 
00011 
00012 
00013 
00014 
00015 
00016 
00017 
00018 
00019 
000 20 
00021 
00022 
000 23 
00024 
000 25 
00026 
00027 
00028 
00029 
00030 
00031 
00032 
00033 
00034 
00035 
00036 
00037 
00038 
00039 
00040 
00041 
00042 
00043 
00044 
00045 
00046 
00047 
00048 
00049 
00050 
00051 
00052 
00053 
00054 
00055 
00056 
00057 
00058 


EPROM 


MC68701 


EPROM PROGRAMMING ROUTINE 
~SA:1 EPROM *** ROUTINE TO PROGRAM THE MC68701 EPROM *x* 


NAM EPROM 
OPT Z01,LLEN=80 
TTL *k* ROUTINE TO PROGRAM THE MC68701 EPROM ** 


KEKKEKKKEKKRKEKKKKEKREREKEKEKRKKKRERKKEKRERKKREKREEEKKKKAKKK KKK 


EP ROM -=- A NON-REENTRANT ROUTINE TO PROGRAM 
THE MC68701 EPROM. 


THE ROUTINE PROGRAMS THE MC68701 EPROM 
STARTING AT ADDRESS "PNTR" FROM A 


BLOCK OF MEMORY STARTING AT "IMBEG" 
AND ENDING AT "IMEND". 


CALLING CONVENTION: 
JSR EPROM 
NOTES: 
1. THE ROUTINE EXPECTS FOUR DOUBLE BYTE VALUES 
TO BE INITIALIZED PRIOR TO BEING CALLED. 


THESE VALUES ARE: 


IMBEG 


A DOUBLE BYTE ADDRESS WHICH POINTS 
TO THE FIRST BYTE TO BE PROGRAMMED 
INTO THE EPROM. 


IMEND = A DOUBLE BYTE ADDRESS WHICH POINTS 
TO THE. LAST BYTE TO BE PROGRAMED IN- 
INTO THE EPROM. 


PNTR = A DOUBLE BYTE ADDRESS WHICH POINTS 
TO THE FIRST BYTE IN THE EPROM TO BE 
PROGRAMMED . 


WAIT = A DOUBLE BYTE COUNTER VALUE WHICH IS 
A FUNCTION OF THE MCU INPUT FREQUEN- 
CY AND IS USED WITH THE OUTPUT COM- 
PARE FUNCTION TO GENERATE A 50 MSEC 
TIMEOUT. IT IS EQUIVALENT TO 


50000 * (MCU INPUT FREQ) / 4 * 10**6 


VALUES FOR TYPICAL INPUT FREQS ARE: 


WAIT MCU INPUT FREQ 
30615 ($7797) 2-45 MHZ 
50000 ($C350) 4.00 MHZ 
61375 (SEFBF) 4.91 MHZ 


2. IT IS ASSUMED THAT POWER (VPP) IS AVAILABLE 
TO THE RESET PIN FOR PROGRAMMING. 


3. THIS ROUTINE PERFORMS NO ERROR CHECKING. 


a a i a i i ee 


Routine parameter initialization, such as stack pointer, etc., must be done prior to entry. 
(Use of PRObug will ensure all needed initialization. ) 
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00060 
00061 
00062 
00063 
00064 
00065 
00066 
00067 
00068 
00069 
00070A 
00071A 
00072A 
00073A 
00074A 
00075 
00076 
00077 
00078A 
00079A 
00080A 
00081A 
00082 
00083A 
00084A 
00085A 
00086A 
00087A 
00088A 
00089A 
00090A 
OO091A 
00092A 
00093 
00094 
00095 
00096A 
00097A 
00098A 
0O100A 
00101 
00102A 
00103A 
00104A 
-00105A 
00106A 
00107A 
00108A 
00109A 
OO110A 
OO111A 
00112A 
00113. 


0080 
0080 
0082 
0084 
0086 


3000 
3000 
3002 
3003 


3005 
3006 
3008 
300A 
300C 
300E 
3010 
3011 
3013 
3015 


3017 
3019 
301B 
301F 
3020 


3022 
3024 
3026 
3027 
3028 
302A 
302C 
302E 
3030 
3031 
3033 


DE 
3C 
DE 


3C 
86 
97 
A6 


A7 
08 
DF 
86 
97 


DC 
D3 
7F 
DD 
86 


95 
27 
38 
08 
9C 
23 
86 
97 
38 
DF 
39 


Mc68701 


EPROM PROGRAMMING ROUTINE 


-SA:1 EPROM *** ROUTINE TO PROGRAM THE MC68701 EPROM *** 


0008 A 
0009 A 
OOOB A 
0014 A 
0002 A 
0002 A 
0002 A 
0002 A 
84 A 
80 A 
FE A 
14 A 
00 A 
84 A 
00 A 
84 A 
FC A 
14 A 
86 A 
09 A 
0008 A 
OB =A 
40 A 
08 A 
FC 3022 
82 A 
D9 3005 
FF A 
14 A 
84 A 


* EQUATES 


TCSR 
TIMER 
OUTCMP 
EPMCNT 


* LO 


IMBEG 
IMEND 
PNTR 
WAIT 


EPROM 


EPROO 2 


* NOW WAIT FOR 50 MSEC 


- EQU 


EQU 
EQU 
EQU 


CAL 


ORG 
RMB 
RMB 
RMB 
RMB 


ROM 


ORG 
LDX 
PSHX 
LDX 


PSHX 
LDAA 
STAA 


-LDAA 


LDX 
STAA 
INX 
STX 
LDAA 
STAA 


LDD 


~ ADDD 


EPROO4 


TOTAL ERRORS 00000--00000 


CLR 
STD 
LDAA 


BITA 
BEQ 
PULX 
INX 
CPX 
BLS 
LDAA 
STAA 
PULX 
STX 
RTS 
END 


$08 
$09 
SOB 
S14 


TIMER CONTROL/STAT REGISTER 
COUNTER REGISTER 

OUTPUT COMPARE REGISTER 
RAM/EPROM CONTROL REGISTER 


VARIABLES 


WAIT 
TIMER 
TCSR 
OUTCMP 
#S$40 


TCSR 
EPROO4 


IMEND 
EPROO 2 
#SFF 
EPMCNT 


PNTR 


$80 
2 START OF MEMORY BLOCK 
2 LAST BYTE OF MEMORY BLOCK 
2 FIRST BYTE OF EPROM TO BE PGM’D 
2 COUNTER VALUE 
STAR Ts HERE 
$3000 
PNTR SAVE CALLING ARGUMENT 
RESTORE WHEN DONE 

IMBEG USE STACK 

SAVE POINTER ON STACK 
#SFE REMOVE VPP, SET LATCH 
EPMCNT  PPC=1, PLC=0 
x MOVE DATA MEMORY-TO-LATCH 

' PNTR GET WHERE TO PUT IT 

x STASH AND LATCH 

NEXT ADDR 
PNTR ALL SET FOR NEXT 
#SFC ENABLE EPROM POWER (VPP) 
EPMCNT  PPC=0, PLC=0 


TIMEOUT USING OUTPUT COMPARE... 


GET CYCLE COUNTER 
BUMP CURRENT VALUE 
CLEAR OCF 

SET OUTPUT COMPARE 
NOW WAIT FOR OCF 


NOT YET 

SETUP FOR NEXT ONE 

NEXT 

MAYBE DONE 

NOT YET 

REMOVE VPP, INHIBIT LATCH 
EPROM CAN NOW BE READ 
RESTORE PNTR 


THAT’S ALL 
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ORDERING INFORMATION 


The following table provides generic information pertaining to the package type and temperature for the MC68701. 
The MCU device is available only in the 40-pin dual-in-line (DIP) package in the Cerdip and Plastic packages. 


GENERIC INFORMATION 


Temperature Cerdip Package Ceramic Package 
(Degrees C) (S Suffix) (L Suffix) 


G to 70 MC68701S MC6870iL 





Frequency 
(MHz) 

























-40 to +85 MC68701CS MC68701CL 
0 to 70 MC68701S-1 MC68701L-1 
-—40 to +85 MC68701CS-1 MC68701CL-1 





0 to 70 MC68B701S MC68B701L 








PIN ASSIGNMENT 





Standby 
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TECHNICAL DATA 
| MC68701U4 


Advance Information 


8-Bit EPROM Microcontroller/Microprocessor 
(MCU/MPU) 


The MC68701U4 is an 8-bit single-chip EPROM microcontroller unit (MCU) which enhances the 
capabilities of the MC6801 and significantly enhances the capabilities of the M6800 Family of parts. 
lt includes an MC6801 microprocessor unit (MPU) with direct object-code compatibility and upward 
object-code compatibility with the MC6800. Execution times of key instructions have been improved 
over the MC6800 and the new instructions found on the MC6801 are included. The MCU can func- 
tion as a monolithic microcontroller or can be expanded to a 64K byte address space. It is TTL 
compatible and requires one +5-volt power supply for nonprogramming operation. An additional 
Vpp power supply is needed for EPROM programming. On-chip resources include 4096 bytes of 
EPROM, 192 bytes of RAM, a serial communications interface (SCI), parallel I/O, and a 16-bit six- 
function programmable timer. 

@ Enhanced MC6800 Instruction Set 
@ Upward Source and Object Code Compatibility with the MC6800, MC6801, and MC6801U4 
e Bus Compatibility with the M6800 Family 
® 8x8 Multiply Instruction 
@ Single-Chip or Expanded Operation of 64K Byte Address Space 
@ Internal Clock Generator with Divide-by-Four Output 
@ Serial Communications Interface (SCI) 
@ 16-Bit Six-Function Programmable Timer 
e Three Output Compare Functions 
e 
® 
® 
® 
e 
e 
® 





Two Input Capture Functions 
Counter Alternate Address 

4096 Bytes of Use EPROM 
192 Bytes of RAM 
32 Bytes of RAM Retainable Side Power Down 
29 Parallel 1/0 and Two Handshake Control Lines 
NMI Inhibited Until Stack Load 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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P37 

P36 
P35 
P34 
P33 
P32 
P31 

P30 
SC2 
SGI 


P47 
P46 
P45 
P44 
P43 
P42 
Pat 
P40 


A7/D7 
A6/D6 
A5/D5 
A4/D4 
A3/D3 
A2/D2 
A1/D1 
A0/DO 
R/W 
AS 


Ald 
Al4 
Al3 
Al2 
All 
A10 
AQ 

A8 


A7 
A6 
AS 
A4 
A3 
A2 
Al 
AO 


I/O 
I/O 
I/O 
I/O 
1/O 
'/O 
I/O 
1/O 


Expanded Multiplexed 
Expanded Non-Multiplexed 


| [— Single Chip 


Vcc Standby 


Standby 


RAM 





BLOCK DIAGRAM 


4096 x 8 
EPROM 











Port 





P20 
P21 
P22 
P23 
P24 


P10 
P11 
P12 
P13 
P14 
P15 
P16 
P17 


TIN1 
TOUT] 
SCLK 


RDATA 
TDATA 


TIN2 
TOUT2 
TOUT3 


I/O 
I/O 


I/O 


I/O 
I/O 


1/O 
1/0 
1/0 
1/0 
I/O 
1/0 
I/O 
1/0 
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MAXIMUM RATINGS 


This device contains circuitry to protect the 
inputs against damage due to high static 


—0.3 to +7.0 voltages or electric fields; however, it is ad- 

vised that normal precautions be taken to 

Input Voltage = 0:3 to+7.0 avoid applications of any voltage higher than 

Operating Temperature Range maximum rated voltages to this high- 

S T R impedance circuit. For proper operation it is 

pe ers ane 40 95 recommended that Vin and Vout be con- 

ae ae a ee ne oa strained to the range GNDS(Vjn_ or 
rogramm — 

Unused inputs must always be tied to an 


appropriate logic voltage level (e.g., either 
THERMAL CHARACTERISTICS GND or Vcc). 


Symbol 








Thermal Resistance Cerdip 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can be obtained from: 





Ty=Tat+(Pp¢ 8a) (1) 
where 
TA = Ambient Temperature, °C 
QA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pint+ Pport . 
Pint =!cecxVec, Watts — Chip Internal Power 


Pport = Port Power Dissipation, Watts — User Determined 


For most applications PpoRT<P\nT and can be neglected. PPORT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 
An approximate relationship between Pp and Ty (if Ppgrt is neglected) is: 
Pp=K=(Ty+273°C) | (2) 
Solving equations (1) and (2) for K gives: 
K=Pp + (Ta + 273°C) + 8JAsPD? (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at 


equilibrium) for a known T,. Using this value of K, the values of Pp and Ty can be obtained by solving equations 
(1) and (2) iteratively for any value of Ta 


CONTROL TIMING (Vcc=5.0 V +5%, Vgs =0) 


Chseadiacaue | MC68701U4 IMC68701U4- jon 


Frequency of Operation 


ios [Win | Max 
[Grstal Frequency ra PO 


External Oscillator Frequency 
Crystal Oscillator Startup Time 
Processor Control Setup Time 
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DC ELECTRICAL CHARACTERISTICS (Vcc =5.0 Vde +5%, Vg =0) 
Pp Characteristic | Symbol | Min | Typ | Max 


Input High Voltage RESET V Vss+4.0 Vcc V 
Other Inputs* 1H Vss+2.0 Vice 
Input Low Voltage RESET Vss-0.3 Vss+0.4 
VIL V 
Other Inputs* Vss-0.3 Vsg +08 
Input Current Port 4 , 0.5 
(Vin =0 to 2.4 V) See Note SCI in 0.8 as 





















Input Current 

(Vin =0 to 5.25 V) NMi,inai} in 
Input Current 
(Vin =0 io 0.4 V) see Note lin es ~ 2.0 
(Vin =4.0 V to Vcc) 


Hi-Z (Off State) Input Current 
(Vin =0.5 to 2.4 V) P10-P17, P20-P24, P30-P37 ITSI 10 pA 
Output High Voltage V V 
(igad = - 65 nA, Vec= min) P40-P47, SC1, SC2 OH | Voc 42.4 
(load = — 100 pA, VCC = min) Other Outputs Vsst2.4 
Output Low Voltage 
Darlington Drive Current | A 
(Vo =1.5V) P10-P17 | OH 4.0 mS 


1.0 
Internal Power Dissipation (measured at T~ =O0°C in Steady-State Operation) PINT f= ff = | 1200 | mw 


Input Capacitance 
10.0 


(Vin =0, TA = 26°C, fo = 1.0 MHz) P30-P37, P40-P47, SC1 
Vcc Standby Power Down | Vspp 40 5.25 V 
Power Up VSB 4.75 B25 
Cy 1 ea mA 









































Other Inputs 
Standby Current Power Down R 
Programming Time (Per Byte) (Tq = 25°C) tpp | 2 | - | 50 | ms | 











* Except Mode Programming Levels; See Figure 16. 


NOTE: RESET/Vpp, Vj, and lin values differ from MC6801U4 values. 


PERIPHERAL PORT TIMING (Refer to Figures 1-4) 


Characteristics Symbol | Min | Typ | 
Peripheral Data Setup Time tPDSU 


Peripheral Data Hold Time 
Delay Time, Enable Positive Transition to OS3 Negative Transition 


Input Strobe Pulse Width tPWIS 
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FIGURE 1 — DATA SETUP AND HOLD TIMES 


(MPU READ) 
MPU Read 

E 
P10-P17 
cee ff Data Valid f} 
P40-P47 
Inputs 
P30 P37 
Inputs* YY Data Valid Y 


* Port 3 non-latched operation (Latch enable = 0) 


FIGURE 3 — PORT 3 OUTPUT STROBE TIMING 
(SINGLE-CHIP MODE) 
— MPU Access of Port 3* 


Address 
Bus 


0S3 
(SC2) 





MC68701U4 | 


FIGURE 2 — DATA SETUP AND HOLD TIMES 
(MPU WRITE) 


MPU Write 








cr Mee 


Data Valid 





All Data 
Port Outputs 





NOTES 
1 10k puliup resistor required for port 2 to reach O 7 Vcc 
2 Not applicable to P21 
3 Port 4 cannot be pulled above Vcc 


FIGURE 4 — PORT 3 LATCH TIMING 
(SINGLE-CHIP MODE) 


($3 
(SC1) 


P30-P37 
Inputs 





* Access matches output strobe select (OSS =0, a read; OSS = 1, a write) 


NOTE: Timing measurements are referenced to and from a low voltage of 0.8 volts and a high voltage of 2.0 volts, unless otherwise noted. 


FIGURE 5 — CiMOS LOAD 


Test Point 


R,=1.8 kQ 


Test Point MMD6150 


or Equiv 
MMD7000 


or Equiv 


C=90 pF for P30-P37, P40-P47, E, SC1, SC2 
= 30 pF for P10-P17, P20-P24 

R= 37 kQ for P40-P47, SC1, SC2 
= 24 kQ for P10-P17, P20-P24, P30-P37, E 


MOTOROLA MICROPROCESSOR DATA 


3-218 


MC68701U4 


BUS TIMING (See Notes 1 and 2, and Figure 7) 





Ident. 


Number Characteristics 


Cycle Time 


Pulse Width, E Low 
Pulse Width, E High PWeEH 


Clock Rise and Fall Time 


Address Hold Time 


Delay Time, E to AS Rise* 
Pulse Width, AS High* PWASH 
Delay Time, AS to E Rise* tASED 


29 Usable Access Time* (See Note 3) 
* At specified cycle time. 


12 
17 
18 
19 
21 
22 
24 
25 
26 
2/7 
28 


FIGURE 7 — BUS TIMING 
ei) 

© 
oe S| n:| 
ae | 

ios, 

vein’ TRXXXXXXM ERX 
a aie 
[esses 4 — TR 








ON 





Addr/Data Be (mx Sf 
- —_ 
; ‘ 
Addr/Data |X) st Write Data Muxed yr ti‘C;Cé*d 
Address 
Strobe (AS) 
NOTES: 


1., Voltage levels shown are Vi $0.5 V, VW 22.4 V, unless otherwise specified. 

. Measurement points shown are 0.8 V and 2.0 V, unless otherwise specified. 

. Usable access time is computed by 22+ 3-17. 

. Memory devices should be enabled only during E high to avoid port 3 bus contention. 
. Item 26 is different from the MC6801, but it is upward compatible. 


Oh WN 
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INTRODUCTION 


The MC687010U4 is an 8-bit monolithic microcontroller 
which an be configured to function in a wide variety of 
applications. The facility which provides this extraor- 
dinary flexibility is its ability to be hardware pro- 
grammed into seven different operating modes. The 
operating mode controls the configuration of 18 of the 
40 MCU pins, available on-chip resources, memory map, 
location (internal or external) of interrupt vectors, and 
type of external bus. The configuration of the remaining 
22 pins is not dependent on the operating mode. 

Twenty-nine pins are organized as three 8-bit ports 
and one 5-bit port. Each port consists of at least a data 
register and a write-only data direction register. The 
data direction register is used to define whether cor- 
responding bits in the data register are configured as 
an input (clear) or output (set). 


The term “port” by itself refers to all of the hardware 
associated with the port. When the port is used as a 
“data port” or “I/O port,” it is controlled by the port 
data direction register and the programmer has direct 
access to the port pins using the port data register. Port 
pins are labeled as Pij where i identifies one of four 
ports and j indicates the particular bit. . 

The microprocessor unit (MPU) is an enhanced 
MC6800 MPU with additional capabilities and greater 
throughput. It is upward source and object code com- 
patible with the MC6800 and the MC6801. The program- 
ming model is depicted in Figure 8 where accumulator 
D is a concatenation of accumulators A and B. A list of 
new operations added to the MC6800 instruction set are 
shown in Table 1. 

The basic difference between the MC6801U4 and the 
MC68701U4 is that the MC6801U4 has an on-chip ROM 
while the MC68701U4 has an on-chip EPROM. The 


FIGURE 8 — PROGRAMMING MODEL 





15 x 

'5 SP 

15 PC 
: 





8-Bit Accumulators A and B 
Or 16-Bit Double Accumulator D 


O} Index Register (X) 


Of Stack Pointer (SP) 


0 


Program Counter (PC) 


Pin iz|vc. Condition Code Register (CCR) 





ABX 
ADDD 
ASLD or LSLD 
BHS 
BLO 
BRN 
JSR 
LDD 
LSL 


Branch never 
Additional addressing mode direct 
Loads double accumulator from memory 


(same as ASL) 


LSRD 
MUL 
PSHX 
PULX 
STD 
SUBD 
CPX 


Pushes the index register to stack 
Pulls the index register from stack 
Stores the double accumulator to memory 


Shifts the double accumulator right (towards 


Unsigned addition of accumulator B to index register 

Adds (without carry) the double accumulator to memory and leaves the sum in the double accumulator 

Shifts the double accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit 
Branch if higher or same, unsigned conditional branch (same as BCC) 

Branch if lower, unsigned conditional branch (same as BCS) 


Carry/ Borrow from MSB 
Overflow 

zero 

Negative 

Interrupt 

Half Carry (From Bit 3) 


Description | 


Shifts memory or accumulator left (towards MSB) one bit, the LSB is cleared, and the MSB is shifted into the C bit 


LSB) one bit, the MSB is cleared, and the LSB is shifted into the C bit 
Unsigned multiply, multiplies the two accumulators and leaves the product in the double accumulator 


Subtracts memory from the double accumulator and leaves the difference in the double accumulator 
Internal processing modified to permit its use with any conditional branch instruction 
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MC68701U4 is pin and code compatible with the MC6801U4 
and can be used to emulate the MC6801U4, allowing easy 
software development using the on-chip EPROM. Software 
developed using the MC68701U4 can then be masked into 
the MC6801U4 ROM. 

In order to support the on-chip EPROM, the MC68701U4 
differs from the MC6801U4 as follows: 


are hardware selectable and determine the device memory 
map, the configuration of port 3, port 4, SC1, SC2, and the 
physical location of the interrupt vectors. 


FUNDAMENTAL MODES 
The seven operating modes (0-3, 5-7) can be grouped into 
three fundamental modes which refer to the type of bus it 


(1) Mode O in the MC6801U4 is a test mode only, while in 
the MC68701U4 mode 0 is also used to program the 
on-chip EPROM. 

(2) The MC68701U4 RAM/EPROM control register has 
two bits used to control the EPROM in mode 0 that are 
not defined in the MC6801U4 RAM control register. 

(3) The RESET/Vpp pin in the MC68701U4 is dual pur- 
pose, used to supply EPROM power as well as to reset 
the device; while in the MC6801U4 the pin is called 
RESET and is used only to reset the device. 


Supports: single chip, expanded non-multiplexed, and ex- 
panded multiplexed. Single chip is mode 7, expanded non- 
multiplexed is mode 5, and the remaining 5 are expanded 
multiplexed modes. Table 2 summarizes the characteristics 
of the operating modes. 





SINGLE-CHIP MODE (7) — In the single-chip mode, 
the four MCU ports are configured as parallel input/ 
output data ports, as shown in Figure 9. The MCU func- 
tions as a monolithic microcontroller in this mode with- 
out external address or data buses. A maximum of 29 
I/O lines and two port 3 control lines are provided. Pe- 
ripherals or another MCU can be interfaced to port 3 in 
a loosely coupled dual-processor configuration, as 
shown in Figure 10. 


OPERATING MODES 


The MC68701U4 provides seven different operating modes 
(modes 0 through 3 and 5 through 7). The Operating modes 





TABLE 2 — SUMMARY OF OPERATING MODES 


Single-Chip (Mode 7) 
192 bytes of RAM, 4096 bytes of EPROM 
Port 3 is a parallel 1/O port with two control lines 
Port 4 is a parallel |/O port 


Expanded Non-Multiplexed (Mode 5) 
192 bytes of RAM, 4096 bytes of EPROM 
256 bytes of external memory space 
Port 3 is an 8-bit data bus 
Port 4 is an input port/address bus 


Expanded Multiplexed (Modes 0, 1, 2, 3, 6) 


Four memory space options (total 64K address space) 
(1) Internal RAM and EPROM with partial address bus (mode 1) 
(2) Internal RAM, no EPROM (mode 2) 
(3) Extended addressing of internal |1/O and RAM 
(4) Internal RAM and EPROM with partial address bus (mode 6) 
Port 3 is multiplexed address/data bus 
Port 4 is address bus (inputs/ address in mode 6) 
Test/Program mode (mode 0): 
May be used to test internal RAM and EPROM 
May be used to. test ports 3 and 4 as I/O ports by writing into mode 7 
Used to program EPROM 
Only modes 5, 6, and 7 can be irreversibly entered from mode O 


Resources Common to All Modes 


Reserved register area 

Port 1 input/output operation 

Port 2 input/output operation 

Timer operation 

Serial communications interface operation 
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FIGURE 9 — SINGLE-CHIP MODE | 
| Vcc | 
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RESET 
Port 1 


8 1/O Lines 
16-Bit Timer 
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FIGURE 10 — SINGLE-CHIP 
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Port 3 
8 1/0 Lines 
1S3 
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Port 2 
5 1/0 Lines 
SCl 
16-Bit Timer 


DUAL PROCESSOR CONFIGURATION 





VCC Vcc 
E EU 
NMI NMI 
| mo. CS TRO} 
Vcc Standby Vcc Standby 
RESET RESET 
Port 1 Port 1 
8 1/0 Port 3, 81/0 Lines | 81/0 
Lines Lines 
16-Bit Timer 16-Bit Timer 
Ponte Port 4 
51 OLinres 81/0 
scl Lines 
16-Bit Timer + Port 4 Port 2 + 
a 81/0 5 1/0 Lines = 
V V 
a Lines SC = 


EXPANDED NON-MULTIPLEXED MODE (5) — A modest 
amount of external memory space is provided in the expand- 
ed non-multiplexed mode while significant on-chip resources 
are retained. Port 3 functions as an 8-bit bidirectional data 
bus and port 4 is configured initially as an input data port. 
Any combination of the eight least significant address lines 
may be obtained by writing to the port 4 data direction 
register. Stated alternatively, any combination of AO to A7 
may be provided while retaining the remainder as input data 
lines. Internal pullup resistors pull the port 4 lines high until 
the port is configured. 

Figure 11 illustrates a typical system configuration in the 
expanded non-multiplexed mode. The MCU interfaces 


directly with M6800 Family parts and can access 256 bytes of 


external address space at $100 through $1FF. !OS provides 
an address decode of external memory ($100-$1FF) and can 
be used as a memory-page select or chip-select line. 


’ 16-Bit Timer 


EXPANDED MULTIPLEXED MODES (0, 1, 2, 3, 6) — A 
64K byte memory space is provided in the expanded 
multiplexed modes. In each of the expanded multiplexed 
modes, port 3 functions as a time multiplexed address/ data 
bus with address valid on the negative edge of address 
strobe (AS) and data valid while E is high. In modes 0, 2, and 
3, port 4 provides address lines A8 to A15. In modes 1 and 6, 
however, port 4 initially is configured at reset as an input 
data port. The port 4 data direction register can then be 
changed to provide any combination of address lines A8 to 
A15. Stated alternatively, any subset of A8 to A15 can be 
provided while retaining the remaining port 4 lines as input 
data lines. Internal pullup resistors pull the port 4 lines high 
until software configures the port. 


In mode O, the reset and interrupt vectors are located at 
SBFFO-SBFFF. In addition, the internal and external data 
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buses are connected, so there must be no memory map 
overlap in order to avoid potential bus conflicts. By writing 
the PCO-PC2 bits in the port 2 data register, modes 5, 6, and 
7 can be irreversibly entered from mode 0. Mode 0 is used to 


program the on-chip EPROM. 


Figure 12 depicts a typical configuration for the expanded 
multiplexed modes. Address strobe can be used to control a 
transparent D-type latch to capture addresses AO-A7, as 
shown in Figure 13. This allows port 3 to function as a data 


bus when E is high. 


FIGURE 11 — EXPANDED NON-MULTIPLEXED CONFIGURATION 
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FIGURE 12 — EXPANDED MULTIPLEXED CONFIGURATION 
Vcc | 
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NOTE: To avoid data bus (port 3) contention in the expanded multiplexed modes, memory devices should be enabied only during E high time. 


FIGURE 13 — TYPICAL LATCH ARRANGEMENT 
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PROGRAMMING THE MODE Circuitry to provide the programming levels is de- 


The operating mode is determined at RESET by the pendent primarily on the normal system usage of the 
levels asserted on P22, P21, and P20. These levels are three pins. If configured as outputs, the circuit shown 
latched into PC2, PC1, and PCO of the program control in Figure 15 may be used; otherwise, three-state buffers 
register on the positive edge of RESET. The operating can be used to provide isolation while programming 
mode may be read from the port 2 data register, as the mode. Note that if diodes are used to program the 
shown below, and programming levels and timing must mode, the diode forward voltage drop must not exceed 
be met a shown in Figure 14. A brief outline of the the VMPDD minimum. 
operating modes is shown in Table 3. 





MEMORY MAPS 


PORT 2 DATA REGISTER The MC68701U4 can provide up to 64K byte address 
space depending on the operating mode. A memory 
7 6 5 4 3 2 1 0 map for each operating mode is shown in Figure 16. 


[Pc2 [ Pci | PCO | P24 | P23 | P22 | P21 | P20] $03 The first 32 locations of each map are reserved for the 


internal register area, as shown in Table 4, with excep- 
tions as indicated. 


FIGURE 14 — MODE PROGRAMMING TIMING 


See Figure 15 
for Diode Arrangement 
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VMPL 3 
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Level 
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RESET 
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MODE PROGRAMMING (Refer to Figure 14) 
a Se : 
Rode Programming aput Vokage Low Wor Ta=0t0 790) |e | pe 

ver peop — 


Mode Programming Input Voltage High 
V 
E Cycles 


Mode Programming Diode Differential (If Diodes are Used) (for Ta =0 to 70°C) | Vupoo | 0.6 | 
E Cycles 


RESET Low Pulse Width 















Mode Programming Setup Time 


Mode Programming Hold Time 
RESET Rise Time= 1 ys 
RESET Rise Time< 1 ys 


NOTE: For Ta= —40 to 85°C, Maximum Vyypt =1.7, and Minimum Vyyppp = 0.4. 
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TABLE 3 — MODE SELECTION SUMMARY 












ea ripe Paes Deco 
H NMUX(2, 3) | Non-Multiplexed/ Partial Decode 
) 





iin. Undefined'4) 

Mux(1, 9) Muitiplexed/RAM 
mMuUXx(1 Multiplexed/ RAM 
MUx(2,3) | Multiplexed/RAM and EPROM 
Mux!1) Multiplex ed Test/Programming 





LEGEND 
| — Internal NMUX — Non-Multiplexed 
E — External - L — Logic *0" 
MUX — Multiplexed H — Logic "1" 

NOTES: 


. Addresses associated with ports 3 and 4 are considered external iri modes 0, 2, and 3. 

. Addresses associated with port 3 are considered external in modes 1, 5, and 6. 

. Port 4 default is user data input; address output is optional by writing to port 4 data direction register. 
. Mode 4 is a non-user made and should not be used as an operating mode. 

. Mode 3 has the internal RAM and internal registers relocated at $DO00-$DOFF. 


Om & Wh = 
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FIGURE 15 — TYPICAL MODE PROGRAMMING CIRCUIT 


Vcc 


NOTES: 

1. Mode 0 as shown (switches closed). 

2. R1=10 kilohms (typical). 

3. The RESET time constant is equal to RC where R 
is the equivalent parallel resistance of R2 and the 
number of resistors (R1) placed in the circuit by 
closed mode contol switches. 

4. D=1N914, 1N4001 in the 0 to 70°C range 
D=1N270, MBD201 in the — 40 to 85°C range 

5. If V=Vcc, the R2=50 ohms (typical) to meet Vjy 
for the RESET/Vpp pin. V=Vcc is also compatible 
with MC6801U4. The RESET time constant in this 
case is approximately R2xC. 

6. Switch S1 allows selection of normal (RESET) or 
programming (Vpp) as the input to the RESET/Vpp 
pin. During switching, the input level is held at a 
value determined by a diode (D), resistor (R2) and 
input voltage (V). 

7. While S1 in the “Program” position, RESET should 
not be asserted. 

8. From powerup, RESET must be held low for at 
least tc. The capacitor, C, is shown for concep- 
tual purposes only and is on the order of 1000 wF 
for the circuit shown. Typically, a buffer with an 
RC input will be used to drive RESET, eliminating 
the need for the larger capacitor. 

9. Diode V¢ should not exceed Vayppp min. 
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FIGURE 16 — MEMORY MAPS (Sheet 1 of 3) 
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SFFFF 


NOTES: 
1) Excludes the following addresses which may be 4) This mode is used to program the on-chip 
used externally: $04, $05, $06, $07, and SOF. EPROM. 
2) The interrupt vectors are at $BFFO-$BFFF. 5) Modes 5-7 can be irreversibly entered from 
3) There must be no overlapping of internal and mode 0 by writing to the PCO-PC2 bits of the 
external memory spaces to avoid driving the port 2 data register. 
data bus with more than one device. 
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FIGURE 16 — MEMORY MAPS (Sheet 2 of 3) 
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RAM RAM 
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RAM(1) 
Internal SDOFF 
EPROM External 
External SFFFO External : Memory Space 
Interrupt Vectors SFFFF Interrupt Vectors SFFFO External 
SEFFF Interrupt Vectors 
NOTE: NOTES: 


1) Excludes the following addresses which may be 


2 


3 


) 


used externally: $04, $06, and $OF. 

Internal EPROM addresses $FFFO to $FFFF are not 
usable. 

Address lines A8-A15 will not contain addresses 
until the data direction register for port 4 has been 
written with “1s” in the appropriate bits. These 
address lines will assert ‘’1s” until made outputs 
by writing the data direction register. 


1) Excludes the following addresses which may be 
used externally: $04, $05, $06, $07, and SOF. 








1) Relocating the internal registers and the inter- 
nal RAM to high memory allows the processor 
to make use of direct addressing. 

2) Excludes the following addresses which may be 
used externally: $D004, $D005, $D006, $D007, 


and $DOO0F. 
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NOTES: 

1) Excludes the following addresses which may 
not be used externally: $04, $06, and $OF (no 
10S). 

2) Address lines AO to A7 will not contain ad- 
dresses until the data direction register for port 
4 has been written with ‘’1s” ir the appropriate 
bits. These address lines will assert ‘'1s’’ until 
made outputs by writing the data direction 
register. 





FIGURE 16 — MEMORY MAPS (Sheet 3 of 3) 
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TABLE 4 — INTERNAL REGISTER AREA MC68701U4 INTERRUPTS 


The M6801 Famiy supports two types of interrupt re 
























































Port 1 Data Direction Register* * * 00 quests: maskable and non-maskable. A non-maskable inter- 
Port 2 Data Direction Register* * * 01 rupt (NMI) is always recognized and acted upon at the com- 
Port 1 Data Register 02 pletion of the current instruction. Maskable interrupts are 
Port 2 Data Register 03 controlled by the condition code register | bit and by in- 
Port 3 Data Direction Register* * * 04* dividual enable bits. The | bit controls all maskable inter- 
Port 4 Data Direction Register* * * 05* * rupts. Of the maskable interrupts, there are two types: IRQ1 
Port 3 Data Register 06* and IRQ2. The programmable timer and serial communica- 
Port 4 Data Register Or elie tions interface use an internal [RQ2 interrupt line, as shown 
Timer Control and Status Register 08 in the block diagram. External devices and 1S3 use IRQ1. An 
Counter (High Byte) 09 [RQ1 interrupt is serviced before IRQ2 if both are pending. 
Counter (Low Byte) OA 

Output Compare Register (High Byte) OB 














Output Compare Register (Low Byte) Oc 

Input Capture Register (High Byte) OD NOTE 

Input Capture Register (Low Byte) OE After reset, an NMI will not be serviced until the first 
Port 3 Control and Status Register OF* program load of the stack pointer. Any NMI generated 













Rate and Mode Control! Register 10 before this load will be remembered by the processor 
Transmit/Receive Control and Status Register id and serviced subsequent to the stack pointer load. 
Receive Data Register 12 

Transmit Data Register 13 
















RAM Control Register \4 All IRQ2 interrupts use hardware prioritized vectors. The 

Counter Alternate Address (High Byte) 1S : 
single SC} interrupt and three timer interrupts are serviced in 

Counter Alternate Address (Low Byte) 16 toe ion d h q 

Timer Control Register 1 7 a prioritized order and each is vectored to a separate loca- 







tion. All interrupt vector locations are shown in Table 5. In 








Timer Control Register 2 18 7 | 
Timer Status Aeuwer 19 mode O, reset and interrupt vectors are defined as $BFFO- 
Output Compare Register 2 (High Byte) 1A SBFFF. | | | 

Output Compare Register 2 (Low Byte) iB The interrupt flowchart is depicted in Figure 17 and is 












Output Compare Register 3 (High Byte) 1C common to every interrupt excluding reset. During interrupt 
Output Compare Register 3 (Low Byte) 1D servicing, the program counter, index register, A ac- 
Input Capture Register 2 (High Byte) iE cumulator, B accumulator, and condition code register are 
Input Capture Register 2 (Low Byte) 1F pushed to the stack. The | bit is set to inhibit maskable inter- 







rupts and a vector is fetched corresponding to the current 
highest priority interrupt. The vector is transferred to the 
program counter and instruction execution is resumed. Inter- 
rupt and RESET timing are illustrated in Figures 18 and 19. 


* External addresses in modes 0, 1, 2, 3, 5, and 6; cannot be 
accessed in mode 5 (no !OS) 
* * External addresses in modes 0, 2, and 3 
***1=QOutput, 0O= Input 


TABLE 5 — MCU INTERRUPT VECTOR LOCATIONS 










Mode 0 Modes 1-3, 5-7 


Brr2 |_aFFa_| FFD | FFFS | Timer Overflow Flag? | 
BFF 


*TRO2 interrupt 
* * NMI must be armed (by accessing stack pointer) before an 
NMI is executed 
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FIGURE 17 — INTERRUPT FLOWCHART 
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FIGURE 18 — INTERRUPT SEQUENCE 
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FIGURE 19 — RESET TIMING 
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FUNCTIONAL PIN DESCRIPTIONS 


Vcc AND Vss 


Vcc and Vss provide power to a large portion of the 
MCU. The power supply should provide +5 volts (+ 5%) to 
Vcc and Vss should be tied to ground. Total power dissipa- 
tion (including Vcc standby) will not exceed Pp milliwatts. 


Vcc STANDBY 

Vcc standby provides power to the standby portion ($40 
through $5F) of the RAM and the STBY PWR and RAME 
bits of the RAM control register. Voltage requirements de- 
pend on whether the device is in a power-up or power-down 
state. In the power-up state, the power supply should pro- 
vide +5 volts (+5%) and must reach Vsg volts before 
RESET reaches 4.0 volts. During power down, Vcc standby 
must remain above Vspp (minimum) to sustain the standby 
RAM and STBY PWR bit. While in power-down operation, 
the standby current will not exceed IspB. 

It is typical to power both Vcc and Vcc standby from the 
same source during normal operation. A diode must be used 
between them to prevent supplying power to Vcc during 
power-down operation. 7 


XTAL AND EXTAL 

These two input pins interface either a crystal or TTL- 
compatible clock to the MCU internal clock generator. 
Divide-by-four circuitry is included which allows use of the 
inexpensive 3.58 MHz or 4.4336 MHz color burst TV crystals. 
A 20 pF capacitor should be tied from each crystal pin to 
ground to ensure reliable startup and operation. Alternative- 
ly, EXTAL may be driven by an external TTL-compatibie 
clock at 4 fg with a duty cycle of 50% (+5%) with XTAL 
connected ground. . 

The internal oscillator is designed to interface with an AT- 
cut quartz crystal resonator operated in parallel resonance 
mode in the frequency range specified for fxTAL. The 
crystal should be mounted as close as possible to the input 
pins to minimize output distortion and startup stabilization 
time. The MCU is compatible with most commercially 
available crystals. Nominal crystal parameters are shown in 
Figure 20. 


RESET/Vpp 


This input is used to reset the internal state of the device 
and provide an orderly startup procedure. During power up, 
RESET must be held below 0.8 volts: (1) at least tr¢ after 
Vcc reaches 4.75 volts in order to provide sufficient time for 
the clock generator to stabilize, and (2) until Vcc standby 
reaches 4.75 volts. RESET must be held low at least three E 
cycles if asserted during power-up operation. . 

This pin is also used to supply Vpp in mode 0 for program- 
ming the EPROM. 





E (ENABLE) - 

This is an output clock used primarily for bus synchroniza- 
tion. It is TTL compatible and is the slightly skewed divide- 
by-four result of the device input clock frequency. It will 
drive one Schottky TTL load and 90 pF, and all data given in 
cycles is referenced to this clock unless otherwise noted. 


NMI (NON-MASKABLE INTERRUPT) 


An NMI negative edge requests an MCU interrupt se- 
quence, but the current instruction will be completed before 


it responds to the request. The MCU will then begin an inter- 
rupt sequence. Finally, a vector is fetched from SFFFC and 
S$FFFD ($BFFC and $BFFD in mode 0), transferred to the 
program counter, and instruction execution is resumed. NMI 
typically requires a 3.3 kQ (nominal) resistor to Vcc. There is 
no internal NMI pullup resistor. NMI must be held low for at 


‘least one E cycle to be recognized under all conditions. 


NOTE 


After reset, an NMI will not be serviced until the first 
program load of the stack pointer. Any NMI generated 
before this load will remain pending by the processor. 


IRQ1 (MASKABLE INTERRUPT REQUEST 1) 


TROT is a level-sensitive input which can be used to re- 
quest an interrupt Sequence. The MPU will complete the cur- 
rent instruction before it responds to the request. If the inter- 
rupt mask bit (| bit) in the condition code register is clear, the 
MCU will begin an interrupt sequence. A vector is fetched 
from SFFF8 and $FFF9 ($BFF8 and $BFF9 in mode 0), 
transferred to the program counter, and instruction execu- 
tion is resumed. 

IRQ1 typically requires an external 3.3 kQ (nominal) 
resistor to Vcc for wire-OR application. [ROT has no internal 
pullup resistor. 


SC1 and SC2 (STROBE CONTROL 1 AND 2) 


The function of SC1 and SC2 depends on the operating 
mode. SC1 is configured as an output in all modes except 
single-chip mode, whereas SC2 is always an output. SC1 
and SC2 can drive one Schottky load and 90 pF. 


SC1 AND SC2 IN SINGLE-CHIP MODE — In single-chip 
mode, SC1 and SC2 are configured as an input and output, 
respectively, and both function as port 3 control lines. SC1 
functions as |!S3 and can be used to indicate that port 3 input 
data is ready or output data has been accepted. Three op- 
tions associated with |S3 are controlled by the port 3 control 
and status register and are discussed in the port 3 descrip- 
tion; refer to P30-P37 (PORT 3). If unused, 1S3 can remain 
unconnected. 

SC2 is configured as OS3 and can be used to strobe out- 
put data or acknowledge input data. It is controlled by out- 
put strobe select (OSS) in the port 3 control and status 
register. The strobe is generated by a read (OSS = 0) or write 
(OSS = 1) to the port 3 data reaister. OS3 timing is shown in 
Figure 3. 


SC1 AND SC2 IN EXPANDED NON-MULTIPLEXED 
MODE — In the expanded non-multiplexed mode, both SC1 
and SC2 are configured as outputs. SC1 functions as in- 
put/output select (IOS) and is asserted only when $0100 
through $O1FF is sensed on the internal address bus. 

SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 


SC1 AND SC2 IN EXPANDED MULTIPLEXED MODE — 
In the expanded multiplexed modes, both SC1 and SC2 are 
configured as outputs. SC1 functions as address strobe and 
can be used to demultiplex the eight least significant ad- 
dresses and the data bus. A latch controlled by address 
Strobe captures the lower address on the negative edge, as 
shown in Figure 13. 
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FIGURE 20 — OSCILLATOR CHARACTERISTICS 


(a) Nominal Recommended Crystal Parameters 


Nominal Crystal Parameters* 
[388 Me 4.00 MHz 
RS 60 2 50 2 
6.5 pF 


0.025 pF 
>30K 


30-50 2 
4-6 pF 
0.01-0.02 pF 
> 20 K 















CO 3.5 pF 
0.015 pF 
>40 K 









*NOTE: These are representative AT-cut crystal parameters only Crystals of other 
types of cut may also be used. 


MC68701U4 


U 


CL Cy 





Cy = 20 pF (typical) 


Equivalent Circuit 


NOTE 
TTL-compatible oscillators may be 
obtained from: 


Motorola Component Products 


Attn: Crystal Clock Oscillators 
2563 N. Edgington St. 

Franklin Park, I|L 60131 

Tel: 312-451-1000 

Telex: 433-0067 





(b) Oscillator Stabilization Time (tr¢) 





Se 
E JULI LI vu 
RESET 
08V 
tRC 

Oscillator 

Stabilization 

Time, tRC 
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SC2 is configured as read/write and is used to control the 
direction of data bus transfers. An MPU read is enabled 
when read/write and E are high. 


P10-P17 (PORT 1) . 

Port 1 is a mode independent 8-bit 1/O and timer port. 
Each line can be configured as either an input or output as 
defined by the port 1 data direction register. Port 1 bits 0, 1, 
and 2 (P10, P11, and P12) can also be used to exercise one 
input edge function and two output compare functions of 
the timer. The TTL compatible three-state buffers can drive 
one Schottky TTL load and 30 pF, Darlington transistors, or 
CMOS devices using external pullup resistors. It is con- 
figured as a data input port during RESET. Unused pins can 
remain unconnected. 





P20-P24 (PORT 2) 


Port 2 is a mode-independent, 5-bit, mu!tipurpose |/O 
port. The voltage levels present on P20, P21, and P22 on the 
rising edge of RESET determine the operating mode of the 
MCU. The entire port is then configured as a data input port. 
The port 2 lines can be selectively configured as data output 
lines by setting the appropriate bits in the port 2 data direc- 
tion register. The port 2 data register is used to move data 
through the port. However, if P21 is configured as an out- 
put, it is tied to the timer output compare 1 function and can- 
not be used to provide output from the port 2 data register 
unless output enable 1 (OE1) is cleared in timer control 
register 1. 

Port 2 can also be used to provide an interface for the 
serial communications interface and the timer input edge 
function. These configurations are described in SERIAL 
COMMUNICATIONS INTERFACE and PROGRAMMABLE 
TIMER. 

The port 2 three-state TTL-compatible output buffers are 
capable of driving one Schottky TTL load and 30 pF, or 
CMOS devices using external pullup resistors. 





PORT 2 DATA REGISTER 


y 6 5 4 3 2 1 0 
eco [pcx | eco [ ram | rea [ rom | rai [reo | 03 


P30-P37 (PORT 3) 

Port 3 cam be Ccontiguiéa as an 1/O 
8-bit data bus, or a multiplexed address/data bus depending 
on the operating mode. The TTL compatible three-state out- 
put buffers can drive one Schottky TTL load and 90 pF. 
Unused lines can remain unconnected. 


nart 


sort, 2 hidiractiona! 


WIM UVuUUt 


PORT 3 IN SINGLE-CHIP MODE — Port 3 is an 8-bit |/O 
port in the single-chip mode with each line configured by the 
port 3 data direction register. There are also two lines, 1S3 
and OS3, which can be used to control port 3 data transfers. 

Three port 3 options are controlled by the port 3 control 
and status register and are available only in single-chip 
mode: 1) port 3 input data can be latched using IS3 (SC1) as 
a control signal, 2) OS3 (SC2) can be generated by either an 
MPU read or write to the port 3 data register, and 3) an [RO1 
interrupt can be enabled by an 1S3 negative edge. Port 3 
latch timing is shown in Figure 4. 


PORT 3 CONTROL AND STATUS REGISTER 


7 6 5 4. 3 2 1 0 
Is3 | 1S3 Latch : 


Bits 0-2 Not used. 

Bit 3 Latch Enable — This bit controls the input latch for 
port 3. If set, input data is latched by an |S3 
negative edge. The latch is transparent after a read _ 
of the port 3 data register. Latch enable is cleared 
during reset. 

OSS (Output Strobe Select) — This bit determines 
whether OS3 will be generated by a read or write of 
the port 3 data register. When clear, the strobe is 
generated by a read; when set, it is generated by a 
write. OSS is cleared during reset. 

Not used. 

IS3 IRO1 Enable — When set, an /RQ1 interrupt 
will be enabled whenever the 1S3 flag is set; when 
clear, the interrupt is inhibited. This bit is cleared 
during reset. 

iS3 Flag — This read-only status bit is set by an 1S3 
negative edge. It is cleared by a read of the port 3 
control and status register (with !S3 flag set) 
followed by a read or write to the port 3 data 
register or during reset. 


SOF 





Bit 4 


Bit 5 
Bit 6 


Bit 7 


PORT 3 IN EXPANDED NON-MULTIPLEXED MODE — 
Port 3 is configured as a bidirectional data bus (D7-D0) in the 
expanded non-multiplexed mode. The direction of data 
transfers is controlled by read/write (SC2). Data is clocked 
by E (enable). 


PORT 3 IN EXPANDED MULTIPLEXED MODE — Port 3 is 
configured as a time multiplexed address (A7-AQ) and data 
bus (D7-DO) in the expanded multiplexed mode where ad- 
dress strobe (AS) can be used to demultiplex the two buses. 
Port 3 is held in a high-impedance state between valid ad- 
dress and data to prevent bus conflicts. 


P40-P47 (PORT 4) 

Port 4 is configured as an 8-bit I/O port, as address out- 
puts, or as data inputs depending on the operating mode. 
Port 4 can drive one Schottky TTL load and 90 pF, and is the 
only port with internal pullup resistors. Unused lines can re- 
main unconnected. 


PORT 4 IN SINGLE-CHIP MODE — in single-chip mode, 
port 4 functions as an 8-bit |/O port with each line con- 
figured by the port 4 data direction register. Internal pullup 
resistors allow the port to directly interface with CMOS at 
5-volt levels. External pullup resistors to more than 5 volts, 
however, cannot be used. 


PORT 4 IN EXPANDED NON-MULTIPLEXED MODE — 
Port 4 is configured from reset as an 8-bit input port where 
the port 4 data direction register can be written to provide 
any or all of eight address lines AO to A7. Internal pullup 
resistors pull the lines high until the port 4 data direction 
register is configured. 
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PORT 41N EXPANDED MULTIPLEXED MODE — In all ex- 
panded multiplexed modes except modes 1 and 6, port 4 
functions as half of the address bus and provides A8 to A15. 
In modes 1 and 6, the port is configured from reset as an 
8-bit parallel input port where the port 4 data direction 
register can be written to provide any or all of upper address 
lines A8 to A15. Internal pullup resistors pull the lines high 
until the port 4 data direction register is configured where bit 
0 controls A8. 


RESIDENT MEMORY 


The MC68701U4 has 192 bytes of on-chip RAM and 4096 
bytes of on-chip UV erasable EPROM. This memory is con- 
trolled by tour bits in the RAM/EPROM control register. 

Thirty-two bytes of the RAM are powered through the 
Vcc standby pin and are maintainable during Vcc power- 
down. This standby portion of the RAM consists of 32 bytes 
located from $40 through $5F. 

Power must be supplied to Vcc standby if the internal 
RAM is to be used, regardless of whether standby power 
operation is anticipated. 

The RAM is controlled by the RAM/EPROM control 
register. 


RAM/EPROM CONTROL REGISTER ($14) 


The RAM/EPROM control register includes four bits: 
STBY PWR, RAME, PLC, and PPC. Two of these bits, 
STBY PWR and RAME, are used to control RAM access and 
determine the adequacy of the standby power source during 
power-down operation. It is intended that RAME be cleared 
and STBY PWR be set as part of a power-down procedure. 
RAME and STBY PWR are read/write bits. 

The remaining two bits, PLC and PPC, control the opera- 
tion of the EPROM. PLC and PPC are readable in all modes 
but can be changed only in mode 0. The PLC bit can be writ- 
ten without restriction in mode 0, but operation of the PPC 
bit is controlled by the state of PLC. 

Associated with the EPROM are an 8-bit data latch and a 
16-bit address latch. The data latch is enabled at all times, 
latching each data byte written to the EPROM. The address 
latch is controlled by the PLC bit: 

A description of the RAM/EPROM control register 
follows. 


RAM/EPROM CONTROL REGISTER 


7 6 5 4 3 2 1 0 
STBY 


Bit 0 


$14 





Programming Latch Control (PLC). This bit con- 

trols the latch which captures the EPROM address 

to be programmed and whether the PCC bit can be 

cleared. The latch is triggered by an MPU write to a 

location in the EPROM. This bit is set during reset 

and can be cleared only in mode 0. The PLC bit is 
defined as follows: 

PLC=O—EPROM address latch enabled; EPROM 
address is latched during MPU writes to 
the EPROM. 

PLC=1—EPROM address latch is transparent. 


Bit 1 Programming Power Control (PPC). This bit gates 
power from the RESET/Vpp pin to the EPROM 
programming circuit. PPC is set during reset and 
whenever the PLC bit is set. It can be cleared only if 
operating in mode O, and if PLC has been previous- 
ly cleared. The PPC bit is defined as follows: 
PPC=Q—EPROM programming power (Vpp) 
applied. 
PPC=1—EPROM programming power (Vpp) is 
not applied. 
Bit 2-5 
Bit 6 


Unused. 

RAM Enable (RAME). This read/write bit can be 
used to remove the entire RAM from the internal 
memory map. RAME is set (enabled) during reset 
provided standby power is available on the positive 
edge of reset. If RAME is clear, any access to a 
RAM address is external. If RAME is set, the RAM 
is included in the internal map. 

Standby Power (STBY PWR). This bit is a 
read/write status bit which when cleared indicates 
that Vcc standby has decreased sufficiently below 
VSBB (minimum) to make data in the standby 
RAM suspect. It can be set only by software and is 
not affected during reset. 


Bit 7 


Note that if PPC and PLC are set, they cannot be 
simultaneously cleared with a single MPU write. The PLC bit 
must be cleared prior to attempting to clear PPC. If both PPC 
and PLC are clear, setting PLC will also set PPC. In addition, 
it is assumed that Vpp is applied to the RESET/Vpp pin 
whenever PCC is clear. If this is not the case, the result is 
undefined. 


ERASING THE MC68701U4 EPROM 


Ultraviolet erasure will clear all bits of the EPROM to the 
zero state. The MC68701U4 EPROM is programmed by eras- 
ing it to zeros and entering ones into the desired bit loca- 
tions. 

The MC68701U4 EPROM can be erased by exposure to 
high intensity ultraviolet light with a wave length of 2537 
angstroms for a minimum of 30 minutes. The recommended 
integrated dose (ultraviolet intensity times exposure time) is 
15 watts/centimeter. The lamps should be used without 
shortwave filters, the MC68701U4 should be positioned 
about one inch away from the ultraviolet tubes, and the 
transparent lid should not be covered. 

The MC68701U4 transparent lid should always be covered 
after erasing. This protects both the EPROM and light- 
sensitive nodes from accidental exposure to ultraviolet light. 


PROGRAMMING THE MC68701U4 EPROM 

When the MC68701U4 is released from reset in mode 0, a 
vector is fetched from location $BFFE:$BFFF. This provides 
a method for an external program to obtain control of the 
microcomputer with access to every location in the EPROM. 

To program the EPROM, it is necessary to operate the 
MC68701U4 in mode 0 under the contro! of a program resi- 
dent in external memory which can facilitate loading and pro- 
gramming of the EPROM. After the pattern has been loaded 
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into external memory, the EPROM can be programmed as 
follows: 

a. Apply programming power (Vpp) to the RESET/Vpp 
pin. | 

b. Clear the PLC control bit and set the PPC bit by writing 
SFE to the RAM/EPROM control register. 

c. Write data to the next EPROM location to be program- 
med. Triggered by an MPU write to the EPROM, inter- 
nal latches capture both the EPROM address and the 
data byte. . . 

d. Clear the PPC bit for programming time, top, by writing 


SFC to the RAM/EPROM control register and waiting: 


for time, top. This step gates the programming power 
(Vpp) from the RESET/Vpp pin to the EPROM which 
programs the location. — | 

e. Repeat steps b through d for each byte to be program- 
med. | - 

f. Set the PLC and PPC bits by writing $FF to the 
RAM/EPROM control register. 

g. Remove the programming power (Vpp) from the 
RESET/Vpp pin. The EPROM can now be read and 
verified. | 

Because the erased state of an EPROM byte is $00, it is not 

necessary to program a location which is to contain $00. 
Finally, it should be noted that the result of inadvertently 





programming a location more than once is the logical OR of | 


the data patterns. 


PROGRAMMABLE TIMER 


The programmable timer can be used to perform 
measurements on two separate input waveforms while in- 
dependently generating three output waveforms. Pulse 
widths can vary from several microseconds to many 
seconds. A block diagram of the timer is shown in Figure 21. 
COUNTER ($09:0A), ($15, $16) : 

The key timer element is a 16-bit free-running counter 
which is incremented by E (enable). It is cleared during reset 
and is read-only with one exception: in mode 0 a write to the 
counter ($09) will preset it to $FFF8. This feature, intended 
for testing, can disturb serial operations because the counter 
provides the SCI internal bit rate clock. The TOF bit is set 
whenever the counter contains all ones. If ETOI is set, an in- 
terrupt will occur when the TOF is set. The counter may also 
be read at $15 and $16 to avoid inadvertently clearing the 


rN 


IUr. 


OUTPUT COMPARE REGISTERS ($0B:0C), ($1A:1B), 
($1C:1D) ; | 

The three output compare registers are 16-bit read/write 
registers, each used to control an output waveform or pro- 
vide an arbitrary time-out flag. They are compared with the 
free-running counter during the negative half of each E cy- 
cle. When a match occurs, the corresponding output com- 
pare flag (OCF) is set and the corresponding output level 
(OLVL) is clocked to an output level register. If both the cor- 
responding output enable bit and data direction register bit 
are Set, the value represented in the output level register will 
appear on the corresponding port pin. The appropriate OLVL 
bit can then be changed for the next compare. 

The function is inhibited for one cycle after a write to its 
high byte ($OB, $1A, or $1C) to ensure a valid compare after 
a double byte write. Writes can be made to either byte of the 
Output Compare register without affecting the other byte. 
The OLVL value will be clocked out independently of 
whether the OCF had previously been cleared. The output 
compare registers are set to S$FFFF during reset. 


INPUT CAPTURE REGISTERS ($0D:0E), ($1E:1F) 


The two input capture registers are 16-bit read-only 
registers used to store the free-running counter when a 
‘proper’ input transition occurs as defined by the cor- 
responding input edge bit (IEDG1 or IEDG2). The input pin’s 
data direction register should be configured as an input, but 
the edge detect circuit always senses P10 and P20 even 
when configured as an output. The counter value will be 
latched into the input capture registers on the second 
negative edge of the E clock following the transition. 

An input capture can occur independently of ICF; the 
register always contains the most current value. Counter 
transfer is inhibited, however, between accesses of a double 
byte MPU read. The input pulse width must be at least two E 
cycles to ensure an input capture under all conditions. 


_ TIMER CONTROL AND STATUS REGISTERS 


Four registers are used to provide the MC68701U4 with 
control and status information about the three output com- 
pare functions, the timer overflow function, and the two in- 
put edge functions of the timer. They are: 

Timer Control and Status Register (TCSR) 

Timer Control-Register 1 (TCR1) 

Timer Control Register 2 (TCR2) 

Timer Status Register (TSR) 
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FIGURE 21 — BLOCK DIAGRAM OF PROGRAMMABLE TIMER 
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TIMER CONTROL AND STATUS REGISTER (TCSR) 
($08) — The timer control and status register is an 8-bit 
register of which all bits are readable, while only bits 0-4 can 
be written. All the bits in this register are also accessible 
through the two timer control registers and the timer status 
register. The three most significant bits provide the timer 
status and indicate if: 


1. a proper level transition has been detected at P20, 
2. a match has occurred between the free-running 
counter and output compare register 1, or 
3. the free-running counter has overflowed. 
Each of the three events can generate an /RQ2 interrupt 
and is controlled by an individual enable bit in the TCSR. 


TIMER CONTROL AND STATUS REGISTER 





Output Level 1 — OLVL1 is clocked to output level 
register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit in timer con- 
trol register 1 is set. OLVL1 and output level 
register 1 are cleared during reset. Refer to TIMER 
CONTROL REGISTER 1 (TCR1) ($17). 


Input Edge 1 — IEDG1 is cleared during reset and 
controls which level transition on P20 will trigger a 
counter transfer to input capture register 1: 
IEDG1=0 transfer on a negative-edge 
IEDG1= 1 transfer on a positive-edge 
Refer to TIMER CONTROL REGISTER 1 (TCR1) 
($17). 


Enable Timer Overflow Interrupt — When set, an 
[RQ2 interrupt will be generated when the timer 
overflow flag is set; when clear, the interrupt is in- 
hibited. ETO! is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Enable Output Compare Interrupt 1 — When set, 
an [RQ2 interrupt will be generated when output 
compare flag 1 is set; when clear, the interrupt is in- 
hibited. EOCI1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Enable Input Capture Interrupt 1 — When set, an 
TRQ2 interrupt will be generated when input cap- 
ture flag 1 is set; when clear, the interrupt is in- 
hibited. EICI1 is cleared during reset. Refer to 
TIMER CONTROL REGISTER 2 (TCR2) ($18). 


Timer Overflow Flag — The TOF is set when the 
counter contains all ones ($FFFF). It is cleared by 
reading the TCSR or the TSR (with TOF set) and 
the counter high byte ($09), or during reset. Refer 
to TIMER STATUS REGISTER (TSR) ($19). 


Output Compare Flag 1 — OCF1 is set when output 
Compare register 1 matches the free-running 
counter. OCF1 is cleared by reading the TCSR or 
the TSR (with OCF1 set) and then writing to output 
compare register 1 ($OB or SOC), or during reset. 
Refer to TIMER STATUS REGISTER (TSR) ($19). 


Bit 1 


Bit 2 


Bit 3 


Bit 4 


Bit 5 


Bit 6 


Bit 2 


Bit 7 Input Capture Flag — ICF1 is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TCSR or the TSR (with ICF1 set) and 
the input capture register 1 high byte (SOD), or dur- 
ing reset. Refer to TIMER STATUS REGISTER 


(TSR) ($19). 


TIMER CONTROL REGISTER 1 (TCR1) ($17) — Timer 
control register 1 is an 8-bit read/write register which con- 
tains the control bits for interfacing the output compare and 
input capture registers to the corresponding |/O pins. 


TIMER CONTROL REGISTER 1 


7 6 6S 4 3 2 1 0 
OE2 IEDG2| IEDG1{ OLVL3|OLVL2]OLVL1] $17 
Bit O Output Level 1 — OLVL1 is clocked to output level 


register 1 by a successful output compare and will 
appear at P21 if bit 1 of the port 2 data direction 
register is set and the OE1 control bit is set. OLVL1 
and output level register 1 are cleared during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 


Output Level 2 — OLVL2 is clocked to output level 
register 2 by a successful output compare and will 
appear at P11 if bit 1 of port 1 data direction register 
is set and the OE2 control bit is set. OLVL2 and out- 
put level register 2 are cleared during reset. 


Output Level 3 — OLVL3 is clocked to output level 
register 3 by a successful output compare and will 
appear at P12 if bit 2 of port 1 data direction register 
is set and the OE3 control bit is set. OLVL3 and out- 
put level register 3 are cleared during reset. 


Bit 1 


Bit 3 Input Edge 1 — IEDG1 is cleared during reset and 
controls which level transition on P20 will trigger a 
counter transfer to input capture register 1. 
1EDG1=0 transfer on a negative-edge 
\EDG1= 1 transfer on a ppsitive-edge 
Refer to TIMER CONTROL AND STATUS 


REGISTER (TCSR) ($08). 
Input Edge 2 — IEDG2 is cleared during reset and 


controis which evel ivansition on P10 will trigger a 
counter transfer to input capture register 2. 
IEDG2=0 transfer on a negative-edge 
IEDG2= 1 transfer on a positive-edge 


Bit 4 


Bit 5 Output Enable 1 — OE1 is set during reset and 
enables the contents of output level register 1 to be 
connected to P21 when bit 1 of port 2 data direc- 
tion register is set. 

OE1=0 port 2 bit 1 data register output 

OE1=1 output level register 1 
Bit 6 Output Enable 2 — OE2 is cleared during reset and 
enables the contents of output level register 2 to be 
connected to P11 when bit 1 of port 1 data direc- 
tion register is set. 

OE2=0 port 1 bit 1 data register output 

OE2= 1 output level register 2 
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Bit 7 Output Enable 3 — OE3 is cleared during reset and 
enables the contents of output level register 3 to be 
connected to P12 when bit 2 of port 1 data direc- 
tion register is set 

OE3=0 port 1 bit 2 data register output 


OE3= 1 output level register 3 


TIMER CONTROL REGISTER 2 (TCR2) ($18) — Timer 
control register 2 is an 8-bit read/write register (except bits 0 
and 1) which enable the interrupts associated with the free- 
running counter, the output compare registers, and the input 
Capture registers. In test mode 0, two more bits (clock and 
test) are available for checking the timer. 


TIMER CONTROL REGISTER 2 
(Non-Test Modes) 


7 6 5 4 3 2 1 0 
fica [wen [eoca]eooafeocn [ero [ + [1] se 


Bits 0-1 Read-Only Bits — When read, these bits return a 
value of 1. Refer to TIMER CONTROL REGISTER 2 
(Test Mode). 


Enable Timer Overflow Interrupt — When set, an 
IRQ2 interrupt will be generated when the timer 
overflow flag is set; when clear, the interrupt is in- 
hibited. ETO! is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 
(TCSR) ($08). 


Enable Output Compare Interrupt 1 — When set, 
an IRQ2 interrupt will be generated when the out- 
put compare flag 1 is set; when clear, the interrupt 
is inhibited. EOCI1 is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 
(TCSR) ($08). 


Enable Output Compare Interrupt 2 — When set, 
an [RQ2 interrupt will be generated when the out- 
put compare flag 2 is set; when clear, the interrupt 
is inhibited. EOCI2 is cleared during reset. 


Bit 2 


Bit 3 


Bit 4 


Bit 5 Enable Output Compare Interrupt 3 — Whien set, 
an IRQ2 interrupt will be generated when the out- 
put compare flag 3 is set; when clear, the interrupt 
is inhibited. EOCI3 is cleared during reset. 

Bit 6 Enable Input Capture Interrupt 1 — When set, an 
(ROZ interrupt will be generated when the input 
Capture flag 1 is set; when clear, the interrupt is in- 
hibited. EICI1 is cleared during reset. Refer to 
TIMER CONTROL AND STATUS REGISTER 


(TCSR) ($08). 


Enable Input Capture Interrupt 2 — When set, an 
IRQ2 interrupt will be generated when the input 
capture flag 2 is set; when clear, the interrupt is in- 
hibited. EICI2 is cleared during reset. | 


Bit 7 


The timer test bits (test and clock) allow the free--unning 
counter to be tested as two separate 8-bit counters to speed 
testing. 


TIMER CONTROL REGISTER 2 
(Test Mode) 


7 6 5 4 3 2 1 0 


CLOCK — The CLOCK control bit selects which 
half of the 16-bit free-running counter (MSB or 
LSB) should be clocked with E. The CLOCK bit is a 
read/write bit only in mode O and is set during 
reset. 
CLOCK = 0 — Only the eight most significant bits 
of the free-running counter run with TEST =0. 
CLOCK = 1 — Only the eight least significant bits 
of the free-running counter run when 
TEST =0; 


TEST — the TEST control bit enables the timer test 
mode. TEST is a read/write bit in mode 0 and is set 
during reset. 

TEST=0 — Timer test mode enabied: 

a) The timer LSB latch is transparent which 
allows the LSB to be read independently 
of the MSB. 

b) Either the MSB or the LSB of the timer is 
clocked by E, as defined by the CLOCK 
bit. 

TEST=1 — Timer test mode disabled. 
Bits 2-7 See TIMER CONTROL REGISTER 2 (Non-Test 
Modes). (These bits function the same as in the 
non-test modes.) 


Bit O 


Bit 1 


TIMER STATUS REGISTER (TSR) ($19) — The timer 
Status register is an 8-bit read-only register which contains 
the flags associated with the free-running counter, the out- 
put compare registers, and the input capture registers. 


TIMER STATUS REGISTER 


7 6 5 4 3 2 1 0 


Bits O-1 Not used. 
Bit 2 Timer Overflow Flag — The TOF is set when the 
counter contains all ones (SFFFF). It is cleared by 
reading the TSR or the TCSR (with TOF set) and 
then the counter high byte ($09), or during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 

Bit 3 Output Compare Flag 1 — OCF1 is set when output 
compare register 1 matches the free-running 
counter. OCF1 is cleared by reading the TSR or the 
TCSR (with OCF1 set) and then writing to output 
compare register 1 ($OB or SOC), or during reset. 
Refer to TIMER CONTROL AND STATUS 
REGISTER (TCSR) ($08). 


Output Compare Flag 2 — OCF2 is set when output 
compare register 2 matches the free-running 
counter. OCF2 is cleared by reading the TSR (with 
OCF2 set) and then writing to output Compare 
register 2 ($1A or $1B), or during reset. 


Bit 4 


Bit 5 Output Compare Flag 3 — OCF3 is set when output 
compare register 3 matches the free-running 
counter. OCF3 is cleared by reading the TSR (with 
OCF3 set) and then writing to output compare 
register 3 ($1C or $1D), or during reset. 

Bit 6 input Capture Flag 1 — ICF1 is set to indicate that a 
proper level transition has occurred; it is cleared by 
reading the TSR or the TCSR (with ICF1 set) and 
the input capture register 1 high byte (SOD), or dur- 
ing reset. Refer to TIMER CONTROL AND 


STATUS REGISTER (TCSR) ($08). 
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Bit 7 Input Capture Flag 2 — ICF2 is set to indicate that a 
proper level transition has occurred; it is cleared by read- 
ing the TSR (with ICF2 set) and the input capture register 
2 high byte ($1E), or during reset. 


SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous serial communications interface 
(SCl) is provided with two data formats and a variety of rates. 
The SCI transmitter and receiver are functionally independent 
but use the same data format and bit rate. Serial data formats 
include standard mark/space (NRZ) and bi-phase. Both provide 
one start bit, eight data bits, and one stop bit. “Baud” and “bit 
rate” are used synonymously in the following description. 


WAKE-UP FEATURE 


In a typical serial loop multiprocessor configuration, the soft- 
ware protocol will usually identify the addressee(s) at the be- 
ginning of the message. In order to permit uninterested MPUs 
to ignore the remainder of the message, wake-up feature is 
included whereby all further SCI receiver flag (and interrupt) 
processing can be inhibited until its data line goes idle. An SCI 
receiver is re-enabled by an idle string of eleven consecutive 


ones or during reset. Software must provide for the required 
idle string between consecutive messages and prevent it within 
messages. 


PROGRAMMABLE OPTIONS 
The following features of the SCI are programmable: 
@ Format: standard mark/space (NRZ) or bi-phase 
@ Clock: external or internal bit rate clock 


e@ Baud: one of eight per E clock frequency or external 
clock (x 8 desired baud) 


@ Wake-Up Feature: enabled or disabled 

@ Interrupt Requests: enabled individually for transmitter 
and receiver 

@ Clock Output: internal bit rate clock enabled or disabled 
to P22 


SERIAL COMMUNICATIONS REGISTERS 


The serial communications interface includes four address- 
able registers as depicted in Figure 22. It is controlled by the 
rate and mode contol register and the transmit/receive control 
and status register. Data is transmitted and received utilizing 
a write-only transmit register and a read-only receive register. 
The shift registers are not accessible to software. 


FIGURE 22 — SCI REGISTERS 


Bit 7 Rate and Mode Control Register Bit 0 


Transmit/ Receive Control and Status Register 


Receive Data Register 
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Generator 
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RATE AND MODE CONTROL REGISTER (RMCR) ($10) 
— The rate and mode control register controls the SCI bit 
rate, format, clock Source, and under certain conditions, the 
configuration of P22. The register consists of five write-only 
bits which are cleared during reset. The two least significant 
bits in conjunction with bit 7 control the bit rate of the inter- 
nal clock and the remaining two bits control the format and 
clock source. 


RATE AND MODE CONTROL REGISTER 


7 6 5 4 2 1 


Bit 1:BitO SS1:SSO Speed Select — These two bits select 
the baud when using the internal clock. Eight 
rates may be selected (in conjunction with bit 7) 
which are a function of the MCU input frequen- 
cy. Table 6 lists bit time and rates for three 
selected MCU frequencies. 


Bit 3:Bit 2 CC1:CCO Clock Control and Format Select — 
These two bits control the format and select the 
serial clock source. If CC1 is set, the DDR value 





3 0 
Ct | So | 





<n 
i) 





for P22 is forced to the complement of CCO and 
cannot be altered until CC1 is cleared. If CC1 is 
cleared after having been set, its DDR value is 
unchanged. Table 7 defines the formats, clock 
source, and use of P22. 


Bits 4-6 Not used. 


Bit 7 EBE Enhanced Baud Enable — EBE selects the 
standard MC6801 baud rates when clear and the 
additional baud rates when set (Table 6). This 
bit is cleared by reset and is a write-only control 
bit. 

EBE=0 standard MC6801 baud rates 
EBE=1 additional baud rates 


If both CC1 and CCO are set, an external TTL-compatible 
clock must be connected to P22 at eight times (8x) the 
desired bit rate, but not greater than E, with a duty cycle of 
50% (+ 10%). If CC1:CCO= 10, the internal bit rate clock is 
provided at P22 regardless of the values for TE or RE. 


NOTE 
The source of SCI internal bit rate clock is the timer 
free-running counter. An MPU write to the counter in 
mode O can disturb serial operations. 


TABLE 6 — SCI BIT TIMES AND RATES 
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TABLE 7 — SCI FORMAT AND CLOCK SOURCE CONTROL 








P00] BiPhase [internal [Not Used 
Por | _NRZ | Internal_[_ Not Used 
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TRANSMIT/RECEIVE CONTROL AND STATUS REGISTER 
(TRCSR) ($11) — The transmit/receive control and status reg- 
ister controls the transmitter, receiver, wake-up feature, and 
two individual interrupts, and monitors the status of serial op- 
erations. All eight bits are readable while bits 0 to 4 are also 
writable. The register is initialized to $20 by RESET. 





TRANSMIT/RECEIVE CONTROL AND STATUS REGISTER 
6 5 4 3 2 1 0 


7 
wo] 3 


Bit 0 “Wake-Up on Idle Line — When set, WU enables the 
wake-up function; it is cleared by eleven consecutive 
ones or during reset. WU will not be set if the line is 
idle. Refer to WAKE-UP FEATURE. 


Transmit Enable — When set, P24 DDR bit is set, cannot 
be changed, and will remain set if TE is subsequently 
cleared. When TE is changed from clear to set, the trans- 
mitter is connected to P24 and a preamble of nine con- 
secutive ones is transmitted. TE is cleared during reset. 


Bit 1 


Transmit Interrupt Enable — When set, an IRQ2 is set; 
when clear, the interrupt is inhibited. TE is cleared during 
reset. 


Bit 2 


Receive Enable — When set, the P23 DDR bit is cleared, 
cannot be changed, and will remain clear if RE is sub- 
sequently cleared. While RE is set, the SCI receiver is 
enabled. RE is cleared during reset. | 


Bit 3 


Receiver Interrupt Enable — When set, an IRQ2 interrupt 
is enabled when RDRF and/or ORFE is set; when clear, 
the interrupt is inhibited. RIE is cleared during reset. 


Bit 4 


Bit 5 Transmit Data Register Empty — TDRE is set when the 
transmit data register is transfered to the output serial 
shift register or during reset. It is cleared by reading the 
TRCSR (with TDRE set) and then writing to the transmit 
data register. Additional data will be transmitted only if 


TDRE has been cleared. 


Overrun Framing Error — If set, ORFE indicates either 
an overrun or framing error. An overrun is a new byte 
ready to transfer to the receiver data register with RDRF 
still set. A receiver framing error has occurred when the - 
stop bit (1) is not found in the tenth bit time. An overrun 
can be distinguished from a framing error by the state 
of RDRF: if RDRF is set, then an overrun has occurred; 
otherwise, a framing error has been detected. Data is 
not transferred to the receive data register in an overrun 
condition. Unframed data causing a framing error is 
transferred to the receive data register. However, sub- 
sequent data transfer is blocked until the framing error 
flag is cleared. ORFE is cleared by reading the TRCSR 
(with ORFE set) then the receive data register, or during 


Bit 6 


reset. 

Bit 7 Receive Data Register Full — RDRF is set when the input 
serial shift register is transferred to the receive data reg- 
ister, or during reset. 

SERIAL OPERATIONS 


The SCI is initialized by writing control bytes first to the rate 
and mode control register and then to the transmit/receive 
control and status register. When TE is set, the output of the 
transmit serial shift register is connected to P24 and serial 
output is initiated by transmitting a 9-bit preamble of ones. 

At this point, one of two situations exists: 1) if the transmit 
data register is empty (TDRE = 1); a continuous string of ones 
will be sent indicating an idle line; or 2) if a byte has been 
written to the transmit data register (TDE =0), it will be trans- 
ferred to the output serial shift register (synchronized with the 
bit rate clock), TDRE will be set, and transmission will begin. 

The start bit (0), eight data bits (beginning with bit 0), and a 
stop bit (1) will be transmitted. If TDRE is still set when the 
next byte transfer occurs, ones will be sent until more data is 
provided. In bi-phase format, the output toggles at the start of 
each bit and at half-bit time when a one is sent. Receive op- 
eration is controlled by RE which configures P23 as an input 
and enables the receiver. SCI data formats are illustrated in 
Figure 23. 


_ FIGURE 23 — SCI DATA FORMATS 
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INSTRUCTION SET 


The MC68701U4 is directly source compatible with the 
MC6801 and upward source and object code compatible 
with the MC6800. Execution times of key instructions have 
been reduced and several instructions have been added, in- 
cluding a hardware multiply. A list of new operations added 
to the MC6800 instruction set is shown in Table 1. 

In addition, two special opcodes, 4E and 5E, are provided 
for test purposes. These opcodes force the program counter 


to increment like a 16-bit counter causing address lines used 
in the expanded modes to increment until the device is reset. 
These opcodes have no mnemonics. 

The coding of the first (or only) byte corresponding to an 
executable instruction is sufficient to identify the instruction 
and the addressing mode. The hexadecimal equivalents of 
the binary codes, which result from the translation of the 82 
instructions in all valid modes of addressing, are shown in 
Table 8. There are 220 valid machine codes, 34 unassigned 
codes, and 2 codes reserved for test purposes. 


TABLE 8 — CPU INSTRUCTION MAP 


oP 


MNEM MODE ~ # 
bd ASL 
TXS ROL 
PSHA DEC 
PSHB ° 
PULX INC 
RTS TST 
ABX JMP 
RTI CLR 
PSHX NEG 
MUL ° 
WAI e 
SWI COM 
NEGA LSR 
e 
ROR 
ASR 
ASL 
ROL 
7A DEC 
7B ° 
7C INC 
7D TST 
7E JMP 
7F CLR 
SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
e 
EORA 
ADCA 
ORAA 
ADDA 
CPX 
BSR 
LDS 
e 
SUBA 
CMPA 
SBCA 
SUBD 
ANDA 
BITA 
LDAA 
STAA 
EORA 
ADCA 
ORAA 
ADDA 


DES INHER 





NOP INHER 2 1 


NON NN NY N NY WD WHNDY NH W W 


PFPPWWWW WW WWW WW WW WH WwW Ww Ww 
™m™> Pe pF HS NNN NM NYN NY KH NH ND NH A A AD A A 


NOTES: 
1. Addressing Modes 
INHER =Inherent 
REL = Relative 


INDXD = Indexed 
EXTND =Extended DIR =Direct 


OP MNEM MODE ~ #|OP MNEM MODE —-~- # 


INDXD 





EXTND 
IMMED 


IMMED =Immediate 


OP MNEM MODE ~ #|OP $MNEM MODE ~ # 
9C CPX DIR 5 27D0 SUBB_ DIR 3 2 
9D =JSR 3) 2 CMPB 3 2 
9E LDS 4 2 | D2 SBCB 3 2 
OF STS DIR 4 2}03 ADDD 5 2 
AO SUBA INDXD 4 2404 ANDB 3 2 
Al CMPA 4 2 | DS BITB 3 2 
A2 SBCA 4 2 | 06 LDAB 3 2 
A3 SUBD 6 2407 STAB 3 2 
A4 ANDA 4 2 | D8 EORB 3 2 
AS BITA 4 21,09 ADCB 3 2 
A6 LDAA 4 240A ORAB 3 2 
A7 STAA 4 2 {DB ADDB 3 2 
A8 EORA 4 2]0C LDD 4 2 
AQ ADCA 4 270D STD 4 2 
6 AA  ORAA 4 2 | DE LDX 4 2 
6 AB  ADDA 4 2 | OF STX 4 2 
6 AC CPX 6 2 7 E0 SUBB 4 2 
6 AD JSR 6 271 CMPB 4 2 
6 AE LDS 5 2 | E2 SBCB 4 2 
AF STS INDXD 5 2 163 ADDD 6 2 
6 3 | BO SUBA EXTND 4 3 1&4 ANDB 4 2 
6 3] B1 CMPA 4 3 BITB 4 2 
3 3 | B2 SBCA 4 3 | £6 LDAB 4 2 
6 3 | B3 SUBD 6 3 STAB 4 2 
2 2 4} B4 ANDA 4 3 | £8 EORB 4 2 
2 2 4 BS BITA 4 3 ADCB 4 2 
2 2 | B6 LDAA 4 3 }EA  ORAB 4 2 
4 3] B7 STAA 4 3 ADDB 4 2 
2 2 1 B8 EORA 4 3 LOD 5 2 
2 2 | B9 ADCA 4 3 STD Se) 2 
2 2%BA ORAA 4 3 LDX 5 2 
BB ADDA 4 3 STX 5 2 
BC CPX 6 3 SUBB 4 3 
BD JSR 6 3 CMPB 4 3 
BE LDS 5 3 SBCB 4 3 
BF STS EXTND 5 3 ADDD 6 3 
co SUBB IMMED 2 2 ANDB 4 3 
C1 CMPB 2 2 BITB 4 3 
C2 SBCB 2 2 LDAB 4 3 
C3 ADDD 4 3 STAB 4 3 
3 21 C4 ANDB 2 2 EORB 4 3 
3 245 BITB 2 2 ADCB 4 3 
3 2 | C6 LDAB 2 2 ORAB 4 3 
5 2 ]C7 ° ADDB 4 3 
3 2 1C8 EORB 2 2 LOD 5 3 
3 24C9 ADCB 2 2 STD 5 3 
3 2 >,CA ORAB 2 2 LDX 5 3 
3 2]CB ADDB 2 2 | STX EXTND 5 3 
3 2 ,CC LDD 3 3 
3 2},CD e * UNDEFINED OP CODE 
3 2 CE LOX IMMED 3 | 
3 24,CF °e 





2. Unassigned opcodes are indicated by ‘’®’’ and should not be executed. 
3. Codes marked by ‘'T’’ force the PC to function as a 16-bit counter. 
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PROGRAMMING MODEL 


A programming model for the MC68701U4 is shown in 
Figure 8. Accumulator A can be concatenated with ac- 
cumulator B and jointly referred to as accumulator D where 
A is the most significant byte. Any operation which modifies 
the. double accumulator will also modify accumulators A 
and/or B. Other registers are defined as follows: 


PROGRAM COUNTER — The program counter is a 16-bit 


register which always points to the next instruction. 


STACK POINTER — The stack pointer is a 16-bit register 
which contains the address of the next available location in a 
pushdown/pullup (LIFO) queue. The stack resides in 
random-access memory at a location defined by the pro- 
grammer. . 


INDEX REGISTER — The index register is a 16-bit register 
which can be used to store data or provide an address for the 
indexed mode of addressing. 


ACCUMULATORS — The MPU contains two 8-bit ac- 
cumulators, A and B, which are used to store operands and 
results from the arithmetic logic unit (ALU). They can also be 
concatenated and referred to as the D (double) accumulator. 


CONDITION CODE REGISTER — The condition code 
register indicates the results of an instruction and includes 
the following five condition bits: negative (N), zero (Z), 
overflow (V), carry/borrow from MSB (C), and half carry 
from bit 3 (H). These bits are testable by the conditional 
branch instructions. Bit 4 is the interrupt mask (| bit) and in- 
hibits all maskable interrupts when set. The two unused bits, 
B6 and B/, are read as ones. 


ADDRESSING MODES 


Six addressing modes can be used to reference memory. 
A summary of addressing modes for all instructions is 
presented in Tables 9, 10, 11, and 12 where execution times 
are provided in E cycles. Instruction execution times are 
summarized in Table 13. With an input frequency of 4 MHz, 
one E cycle is equivalent to one microsecond. A cycle-by- 
cycle description of bus activity for each instruction is pro- 
vided in Table 14 and descriptions of selected instructions 
are shown in Figure 24. 


IMMEDIATE ADDRESSING [he operand or ‘‘1im- 
mediate byte(s)”’ is contained in the following byte(s) of the 
instruction where the number of bytes matches the size of 
the register. These are two or three byte instructions. 


DIRECT ADDRESSING — The least significant byte of the 


- operand address is contained in the Second byte of the in- 


struction and the most significant byte is assumed to be $00. 
Direct addressing allows the user to access $00 through $FF 
using two byte Instructions and execution time is reduced by 
eliminating the additional memory access. In most applica- 


_ tions, the 256-byte area is reserved for frequently referenced 


data. 


EXTENDED ADDRESSING — The second and third bytes 
of the instruction contain the absolute address of the 
operand. These are three byte instructions. 


INDEXED ADDRESSING — The unsigned offset con- 
tained in the second byte of the instruction is added with 
carry to the index register and is used to reference memory 
without changing the index register. These are two byte in- 
structions. 


INHERENT ADDRESSING — The operand(s) is a register 
and no memory reference is required. These are single byte 
instructions. 


RELATIVE ADDRESSING — Relative addressing is used 
only for branch instructions. !f the branch condition is true, 
the program counter is overwritten with the sum of a signed 
single byte displacement in the second byte of the instruc- 
tion and the current program counter. This provides a 
branch range of — 126 to + 129 bytes from the first byte of 
the instruction. These are two byte instructions. 


SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 14 provides a detailed description of the information 
present on the address bus, data bus, and the read/write 
(R/W) line during each cycle of each instruction. 

The information is useful in Comparing actual with ex- 
pected results during debug of both software and hardware 
as the program is executed. The information is categorized in 
groups according to addressing mode and number of cycles 
per instruction. In general, instructions with the same ad- 
dressing mode and number of cycles execute in the same 
manner. Exceptions are indicated in the table. 

Note that during MPU reads of internal locations, the 
resultant value will not appear on the externai data bus ex- 
cept in mode 0. ‘’High order” byte refers to the most signifi- 
cant byte of a 16-bit value. During unused bus cycles, the ad- 
dress bus is forced to $FFFF and R/W is high. 
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TABLE 9 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 


[Condition Codes 
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Pointer Operations 


Index Reg —* Stack Pointer 
Stack Pntr—* Index Register 


Add 


uae 


Compare Index Register 
Decrement Index Register 
Decrement Stack Pointer 
Increment Index Register 
Increment Stack Pointer 
Load Index Register 

Load Stack Pointer 

Store Index Register 
Store Stack Pointer 
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 1 of 2) 


Condition Codes 


| t 
Ila 
tit 
|= 


Boolean 
Expression 


00:B +X —*X 
A+M+C-7A 
B+M+C->B 
D+M:M+1—7*D 


Pet | dsis[e[ejole([<fol | | fol | tet<| fol | [el<fol | | 


él | l2le2iele/eisiel | | ist | fale ds! | telelel | | 

TT sistefeisfetet TTT TT Tete TT isfeE 
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| SN TT |) Vee EE Te ae ee ee ST 
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ras as Qy};a B S 3 a D n nN) nsf | S 5 


OD 
so) 
il 


ee 


Accumulator and 

Memory Operations 
Add Accumulators 
Add B to X 
Shift Left, Arithmetic 
Shift Left Double 
Shift Right, Arithmetic 
Compare Accumulators 


Add with Carry 


Add Double 
1's Complement 
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TABLE 10 — ACCUMULATOR AND MEMORY INSTRUCTIONS (Sheet 2 of 2) 
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The condition code register notes are listed after Table 12. 
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TABLE 11 — JUMP AND BRANCH INSTRUCTIONS 
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eco] [1 lafst2t [111111 t eo nogooo 
acs] || fstste} 111111 le Boggoo 
Branch I= Zero eco] |} (vrsret PP Py en gogooo 
[Branch ezero———~space | || focfat2y | 1 [11], neve elf 
Ferenc >zeo Sid ec P|] pefatey | PT TT enn de 
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Taraneh =zero Si we | | | dorfatey | | | TT] lew Oun 
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as} t}iearleltr Prt fife: fi] o 
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eve] || felstay | T1111 ipy=o o 
Faranch if Overtiow Set avs} || Jist2t ||] 111 1) We 
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mT TP] [leery tft 
sr fofsap | | aoje]2leofe lay | | — 
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[Return From Subroutine | ATS | TP | 11] 111] [Js [1 ]see special Operations-Figure 24 
Software Interrupt A 
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5. 

ee Hm 

P| 
Clear Interrupt Mask ma 
cm 
Set Cathy <n | SEC OD 2 ee 
el 
ce 
ax 

re 


[8 | 
TaP_[ 06 [2 | 
TPA 


LEGEND CONDITION CODE SYMBOLS 


Op Operation Code (Hexadecimal) H_ Hailf-carry from bit 3 
~ Number of MPU Cycles | Interrupt mask 
Msp Contents of memory location pointed to by Stack Pointer N Negative (sign bit) 

# Number of Program Bytes Z Zero (byte) 

+ Arithmetic Plus V Overflow, 2’s complement 
~ Arithmetic Minus C Carry/Borrow from MSB 
© Boolean AND R Reset Always 
X Arithmetic Multiply S Set Always 

+ Boolean Inclusive OR t Affected 

® Boolean Exclusive OR e Not Affected 

M Complement of M 

— Transfer Into 
QO Bit=Zero 

0O Byte= Zero 
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ADDRESSING MODE 





TABLE 13 — INSTRUCTION EXECUTION TIMES IN E CYCLES 
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| Address Mode and Cycle R/W 
Instructions Cycles # Address Bus Line Data Bus 





IMMEDIATE 


1 
2 
3 
1 
2 
S 
4 
1 
2 
3 
4 
1 
2 
3 
4 
5 
1 
2 
3 
4 
5 


MC68701U4 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 1 of 5) 


Opcode Address 
Opcode Address-+ 1 


Opcode Address 
Gpcode Address + 3 
Opcode Address + 2 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Address of Operand 


Opcode Address 

Opcode Address + 1 
Destination Address 
Opcode Address 

Opcode Address + 1 
Address of Operand 
Operand Address + 1 


Opcode Address 
Opcode Address + 1 
Address of Operand 
Address of Operand + 1 


Opcode Address 
Opcode Address + 1 
Operand Address 
Operand Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Subroutine Address 
Stack Pointer 
Stack Pointer —1 


Opcode 
Operand Data 


Opcode 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Opcode 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 
Address of Operand 
Operand Data 


Opcode 
Destination Address 
Data from Accumulator 


Opcode 

Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Address of Operand 

Register Data (High Order Byte) 
Register Data (Low Order Byte) 
Opcode 

Address of Operand . 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 

Irrelevant Data 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 2 of 5) 


. Address Mod . Cycle R/W 
Instruct Cycles} # . Address Bus — | Line Data Bus 











EXTENDED _ - 
| Opcode Address 
Opcode Address + 1 


Opcode 
Jump Address (High Order Byte) 
Jump Address (Low Order Byte) — 
Opcode 

Address of Operand 

Address of Operand (Low Order Byte) 
Operand Data 














































_| Opcode Address + 2 
Opcode Address 
Opcode Address + 1 
STA . 4 1 | Opcode Address Opcode 
2 | Opcode Address+1_ Destination Address (High Order Byte) 
3 Opcode Address + 2 Destination Address (Low Order Byte) 
4 Operand Destination Address 
1 Opcode Address 
2 Opcode Address + 1 
3 Opcode Address + 2 
4 Address of Operand 
5 


Data from Accumulator 


Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Operand Data (High Order Byte) 

Operand Data (Low Order Byte) 


Opcode 
Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Current Operand Data 

Low Byte of Restart Vector 

New Operand Data 
Opcode 
Operand Address (High Order Byte) 
Operand Address (Low Order Byte) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 
Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Opcode of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 








Opcode Address + 2 
Address of Operand 
Address of Operand+ 1 
Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Address of Operand 
Address of Operand + 1 


Opcode Address 
Opcode Address + 1 ° 
Opcode Address + 2 
Address of Operand 
Address Bus FFFF 
Address of Operand 


Opcode Address 
Opcode Address + 1 
Opcode Address + 2 
Operand Address 
Operand Address + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 

Opcode Address + 2 
Subroutine Starting Address 
Stack Pointer 
Stack Pointer — 1 

















































OMAR WNH HTD RWNH HITDOahWNH H|AhWHND — 


* TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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Address Mode and Cycle R/W 
Instructions Cycles} # Address Bus Line Data Bus 


INDEXED 


On WNHY H1TONAA WH = 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 3 of 5) 


HWNM —|W ND — 


fPWNH— 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

index Register Plus Offset 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Plus Offset 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

index Register Plus Offset 
Index Register Plus Offset + 1 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 

Index Register Plus Offset 
Index Register Plus Offset + 1 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register Pius Offset 
Address Bus FFFF 

index Register Plus Offset 


Opcode Address 

Opcode Address + 1 
Address Bus FFFF 

Index Register + Offset 
Index Register + Offset + 1 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Index Register + Offset 
Stack Pointer 

Stack Pointer — 1 


Opcode 
Offset 
Low Byte of Restart Vector 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Opcode 

Offset 

Low Byte of Restart Vector 
Current Operand Data 

Low Byte of Restart Vector 
New Operand Data 


Opcode 

Offset 

Low Byte of Restart Vector 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Low Byte of Restart Vector 


Opcode 

Offset 

Low Byte of Restart Vector 

First Subroutine Opcode 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 





*TST does not perform the write cycle during the sixth cycle. The sixth cycle is another address bus= $FFFF. 
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TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 4 of 5) 


Address Mode and Cycle R/W :s 
Instructions Cycles} # Adiuress Bus Line - Data Bus 





INHERENT 






Opcode Address 
Opcode Address + 1 


Opcode Address 
| Opcode Address + 1 
Address Bus FFFF: 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Previous Stack Pointer Contents 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Opcode Address 
Opcode Address + 1 
Stack Pointer 

Stack Pointer+ 1 

















as : 










Opcode Address 
Opcode Address + 1 


Stack Pointer 
Stack Pointer—1 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer + 1 
Stack Pointer+ 2 
Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+ 2 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer— 1 
Stack Pointer—2 
Stack Pointer —3 
Stack Pointer —4 
Stack Pointer—5 
Stack Pointer —6 





























Opcode © 
Opcode of Next Instruction 
Accumulator Data 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 


Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 


Opcode 
Opcode of Next Instruction 
Irrelevant Data 

Operand Data from Stack 


Opcode 
Irrelevant Data 

Index Register (Low Order Byte) 
Index Register (High Order Byte) 


Opcode 
Irrelevant Data 

Irrelevant Data 

Index Register (High Order Byte) 
Index Register (Low Order Byte) 




























Opcode 
Opcode of Next Instruction 











Opcode 
Irrelevant Data 
Low Byte of Restart Vector 


Opcode 


Irrelevant Data 
Low Byte of Restart Vector 
Opcode 
Opcode of Next Instruction 
Irrelevant Data 
Opcode 
Opcode of Next Instruction 
Low Byte of Restart Vector 






















Opcode 
Irrelevant Data 
Irrelevant Data 
Address of Next Instruction (High Order Byte) 
Address of Next Instruction (Low Order Byte) 


Opcode 
Opcode of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 
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INHERENT (Continued) 
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1 
2 
3 
4 
5 
6 
7 
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Opcode Address 
Opcode Address + 1 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 
Address Bus FFFF 


Opcode Address 
Opcode Address + 1 
Stack Pointer 
Stack Pointer+ 1 
Stack Pointer+ 2 
Stack Pointer+3 
Stack Pointer +4 
Stack Pointer +5 
Stack Pointer+6 
Stack Pointer + 7 


Opcode Address 

Opcode Address + 1 

Stack Pointer 

Stack Pointer—1 

Stack Pointer —2 

Stack Pointer —3 

Stack Pointer —4 

Stack Pointer—5 

Stack Pointer —6 

Stack Pointer —7 

Vector Address FFFA (Hex) 
Vector Address FFFB (Hex) 


Opcode Address 
Opcode Address + 1 
Address Buss FFFF 


Opcode Address 

Opcode Address + 1 

Address Bus FFFF 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer — 1 


TABLE 14 — CYCLE-BY-CYCLE OPERATION (Sheet 5 of 5) 


Address Mode and Cycle 
Instructions Cycles| # Address Bus 


Opcode 

Irrelevant Data 

Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 
Low Byte of Restart Vector 


Opcode 

Irrelevant Data 

Irrelevant Data 

Contents of Condition Code Register from Stack 
Contents of Accumulator B from Stack 

Contents of Accumulator A from Stack 

Index Register from Stack (High Order Byte) 

Index Register from Stack (Low Order Byte) 

Next Instruction Address from Stack (High Order Byte) 
Next Instruction Address from Stack (Low Order Byte) 


Opcode 

Irrelevant Data 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Condition Code Register 
Irrelevant Data 


| Address of Subroutine (High Order Byte) 


Address of Subroutine (Low Order Byte) 


Opcode 
Branch Offset 
Low Byte of Restart Vector 


Opcode 

Branch Offset 

Low Byte of Restart Vector 
Opcode of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
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FIGURE 24 — SPECIAL OPERATIONS 
















Main Program SP Stack WAI, Wait for Interrupt PC Main Program SP-2 


RTI, Return from !nterrupt 


SP-5 
; SP—4 
K = Direct Address _ SP-3 


Direct 


JSR, Jump to Subroutine SWI, Software Interrupt Main Program SP Stack 
PC Main Program : PC $3F = SWI —> SP-7 ae 
| RIN] sp-6| Condition Code 


RTN 





INDXD 





Interrupt Program oe Stack 


ec cae 
es spe 
: 


JMP, Jump Main Program PC Main Program 


ee rs 
3 
X+K Next instruction 


—P SP+2 RIN, 










EXTND 





BSR, Branch To Subroutine S SP+6 
a Stack 





PC —> sPp-2 


SP-1 RTNH 


RTN S 









INDXD 


P 

| Pp 

RTS, Return from Subroutine Siibeoutind SP Stack Extended 
PC $39= RTS c> SP 


Legend: 
RTN= Address of next instruction in Main Program to be executed upon return from subroutine 
RTN+ = Most significant byte of Return Address 
RTN, = Least significant byte of Return Address 
— = Stack Pointer After Execution 
K =8-bit Unsigned Value 
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ORDERING INFORMATION 


GENERIC INFORMATION 
(Ta =0° to 70°C) 


1.0 MHz MC68701U4S 
1.25 MHz MC68701U4S-1 


PIN ASSIGNMENTS 













Package Type 
Cerdip — S Suffix 





VssU! @ 401] E 
XTALJ 2 391] Sc1 
EXTALQ3 381] Sc2 
NMI Qj 4 37] P30 
TRO1 5 36 [J P31 
RESET/Vpp{6 35] P32 





Vec U7 34 [J P33 
p20 08 33] P34 
p21q}9 32 1] P35 
P22 10 311 P36 
p23 011 | 30 f] P37 
p24 M12 -29f] P40 
P10 913 28 f] P41 
Pi1f}14 27 P42° 
P12 15 261] P43 
P1316 7 25 [P44 
Pi4Q 241] P45 
P15 [}18 23] P46 
P16 [19 221 P47 
P17} 20 21) Vcc 


Standby 
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- MC6802 


Microprocessor With Clock 
and Optional RAM | 


The MC6802 is a monolithic 8-bit microprocessor that contains all the registers and accumulators 
of the present MC6800 plus an internal clock oscillator and driver on the same chip. In addition, the 
MC6802 has 128 bytes of on-board RAM located at hex addresses $0000 to $007F. The first 32 bytes 
of RAM, at hex addresses $0000 to $001F, may be retained in a low power mode by utilizing Vcc 
standby; thus, facilitating memory retention during a power-down situation. 

The MC6802 is completely software compatible with the MC6800 as well as the entire M6800 
family of parts. Hence, the MC6802 is expandable to 64K words. 


@ On-Chip Clock Circuit 








® 128x8 Bit On-Chip RAM 
@ 32 Bytes of RAM are Retainable 
@ Software-Compatible with the MC6800 
@ Expandable to 64K Words 
@ Standard TTL-Compatible Inputs and Outputs 
@ 8-Bit Word Size 
@ 16-Bit Memory Addressing 
@ Interrupt Capability 
TYPICAL MICROCOMPUTER 
Vec Veo Voc Voc 
e eo O e 
ee MC6846 This block diagram shows a typical cost ef- 
eee ROM, I/O, Timer | fective microcomputer. The MPU is the 
RESET “le center of the microcomputer system and is 
= shown in a minimum system interfacing with 
a ROM combination chip. It is not intended 
10 1/0 Lines Vv MC6802 Nui that this system be limited to this function 
Parallel 3 Lines Timer MPU but that it be expandable with other parts in 
1/0 BA the M6800 Microcomputer family. 
EXTAL 
oom 
Control | 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS 


Rating ——————*(Sybol] Value [Unit | 
Supply Voltage Vcc | —0.3 to +7.0 aa 
Input Voltage | Vin —0.3 to +7.0 re 


V 
V 

C 
°C 













This input contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum rated voltages to this high-impedance 
circuit. Reliability of operation is enhanced if 
unused inputs are tied to an appropriate logic 
voltage level (e.g., either Vss or Vcc). 


Operating Temperature Range : 
MC6802, MC680A02, MC680B02 0 to +70 
MC6802C, MC680A02C —40 to +85 


Vin 
TA 
Storage Temperature Range —55 to +150 Pee 





THERMAL CHARACTERISTICS 


Characteristic Symbol| Value _| Unit | 
"CW 





Average Thermal Resistance (Junction to Ambient) 
Plastic BJA 


POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can be obtained from: 
Ty=Tat (Pp ya) (1) 
where 
Ta = Ambient Temperature, °C 
BJA = Package Thermal Resistance, Junction-to-Ambient, °C/W 
PD = Pintt+Pport 
Pint  =!ecx<Vecc, Watts — Chip Internal Power 


Pport = Port Power Dissipation, Watts — User Determined 


For most applications PogrtT<Pint and can be neglected. PPORT may become significant if the device is configured 
to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if Peort is neglected) is: 

Pp =K+(Ty + 273°C) (2) 

Solving equations (1) and (2) for K gives: 
K=Pp ° (Ta + 273°C) + 0JAsPD? (3) 
where K is a constant pertaining to the particular part. K can be determined from equation (3) by measuring Pp (at 
equilibrium) for a known T,. Using this value of K, the values of Pp and Ty can be obtained by solving equations (1) 
and (2) iteratively for any value of Ta. 
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DC ELECTRICAL CHARACTERISTICS (Vpp= +5.0 Vdc+0.5%, Vsg =0, Ta=0 to 70°C, unless otherwise noted) 


|p Characteristic | Symbol | Min | Typ 


‘Input High Voltage . Logic, EXTAL| . Viy Vss+2.0 
| RESET Vss+4.0 
Input Low Voltage | Logic, EXTAL, RESET Vgg—0.3 
Input Leakage Current (Vjpj =0 to 5.25 V, Vpp=max) . Logic 


Output High Voltage | 
(ILoad= —205 pA, Vcc=min) __ D0-D7 
(ILoad= — 145 pA, Vcc=min) A0-A15, R/W, VMA, E 
(ILoad= _— 100 pA, Vec=min) BA 


Output Low Voltage (ILgqgq= 1.6 mA, Vcc = min) 
Internal Power Dissipation (Measured at Ta = 0°C) 


Vpp Standby et etait 
ower Up 



























Standby Current 


Capacitance # 
(Vin =0, Ta = 25°C, f= 1.0 MHz) Logic Inputs, EXTAL 
A0-A15, R/W, VMA 


*In power-down mode, maximum power dissipation is less than 42 mW. 
#Capacitances are periodically sampled rather than 100% tested. 









CONTROL TIMING (Vcc=5.0 V +5%, Vgg=0, Ta=T| to Ty), unless otherwise noted) 


Characteristic 


Frequency of Operation 
Crystal Frequency *XTAL 
External Oscillator Frequency 


—— 


Processor Controls (HALT, MR, RE, RESET, IRO NMI) ° 
Processor Control Setup Time 
Processor Control Rise and Fall Time 
(Does Not Apply to RESET) 
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BUS TIMING CHARACTERISTICS 


Ident. h as MC6802 MC68A02 MC68B02 
ne ibaa [Min | Max | Min | Max | 


[eatin Sd | , 
2 [Pulse wish ELow ——~SS~*d (es | a0 | 000 | 280 | 5000" | 210 | 
[Pulse wicth, High ———~—~S~S~sd Pg | 50 | 8500 | 280. | 8700] 220 | 8700 
[Clock Rise ond Fal Tine dt ae eee 
Adios Roa ee ed 


12 Non-Muxed Address Valid Time to E (see Note 4) | tay 160 — 100 — 50 — 


Read Data Setup Time tosn | 100 | — | 70 | — | 6 | —~ 
Read Data Hold Time toyr | 10 | — | 
Write Data Delay Time top 


4 
x 
— 
i) 
i 
2 BA 
oO 
o 
o>) 
~S 
: 


3 
n 


S 


Ww 
Write Data Hold Time* tpHW 
‘Usable Access Time (see Note 4) 


*Address and data hold times are periodically tested rather than 100% tested. 


RO 

NO 

ol 
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FIGURE 2 — BUS TIMING 


@ 

a, = 
ca ae 
@) > <@ 


R/W, Add FAAKKAKAG YY 
Iwon-muned’ | AXXO RK 
<)> 














[| 
Read Data bp 
Non-Muxed 


MPU Read Data Non-Muxed ae The: 
ee ars 
Non-Muxed 


NOTES: 

1. Voltage levels shown are V;_<0.4 V, VH=2.4 V, unless otherwise specified. 

2. Measurement points shown are 0.8 V and 2.0 V, unless otherwise noted. 

3. Usable access time is computed by: 12+3+4-17. 

4. If programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board 
RAM, TAV2 applies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be 
executed from on-board RAM when using A and B parts (MC68A02, MC68B02). On-board RAM can be used for data storage 
with all parts. 

5. All electrical and control characteristics are referenced from: Ty =0°C minimum and Ty=70°C maximum. 
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FIGURE 3 — BUS TIMING TEST LOAD 


C= 130 pF for Do. D7, E 

= 90 pF for AO-A15, R/W, and VMA 
= 30 pF for BA 

R=11.7 kQ for DO-D7, E 

= 16.5 kQ for AO-A15, R/W, and VMA 
= 24 kQ for BA 


FIGURE 4 — TYPICAL DATA BUS OUTPUT DELAY 


4.75 V 


RL =2.2 ka 


MMD6150 


Test Point 
or Equiv. 


MMD7000 
or Equiv. 





FIGURE 5 — TYPICAL READ/WRITE, VMA AND 





versus CAPACITIVE LOADING 


1OH = 
lol = 1.6 mA max @ 04 V 





DELAY TIME (ns) 


Ci, LOAD CAPACITANCE (pF) 





_ ADDRESS OUTPUT DELAY versus CAPACITIVE LOADING 
600 


DELAY TIME (ns) 





200 300 400 
CL, LOAD CAPACITANCE (pF) 


FIGURE 6 — EXPANDED BLOCK DIAGRAM 





AiS Al4 Ai3 Ai12 All A110 AQ AB A7 A6B AS A4 AB A2 Al 
Output Output 
Buffers Bufters 
RAM 
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MPU REGISTERS 


A general block diagram of the MC6802 is shown in 
Figure 1. As shown, the number and configuration of 
the registers are the same as for the MC6800. The 128 x 8- 
bit RAM* has been added to the basic MPU. The first 
32 bytes can be retained during powerup and power- 
down conditions via the RE signal. 

The MPU has three 16-bit registers and three 8-bit 
registers available for use by the programmer (Figure 7). 


PROGRAM COUNTER 


The program conter is a two byte (16-bit) register that 
points to the current program address. 


STACK POINTER 


The stack pointer is a two byte register that contains 
the address of the next available location in an external 
pushdown/pop-up stack. This stack is normally a ran- 
dom access read/write memory that may have any lo- 
cation (address) that is convenient. In those applications 
that require storage of information in the stack when 
power is lost, the stack must be non-volatile. 


INDEX REGISTER 


The index register is a two byte register that is used 
to store data or a 16-bit memory address for the indexed 
mode of memory addressing. 


ACCUMULATORS 


The MPU contains two 8-bit accumulators that are 
used to hold operands and results from an arithmetic 
logic unit (ALU). 


CONDITION CODE REGISTER 


The condition code register indicates the results of an 
Arithmetic Logic Unit operation: Negative (N), Zero (Z), 
Overflow (V), Carry from bit 7 (C), and Half Carry from 
bit 3 (H). These bits of the Condition Code Register are 
used as testable conditions for the conditional branch 
instructions. Bit 4 is the interrupt mask bit (I). The un- 
used bits of the Condition Code Register (b6 and b7) 
are ones. 

Figure 8 shows the order of saving the microproces- 
sor status within the stack. 


*If programs are not executed from on-board RAM, TAV1 applies. If programs are to be stored and executed from on-board RAM, 
TAV2 applies. For normal data storage in the on-board RAM, this extended delay does not apply. Programs cannot be executed 
from on-board RAM when using A and B parts (MC68A02 and MC68B02). On-board RAM can be used for data storage with all 


parts. ; 


FIGURE 7 — PROGRAMMING MODEL OF THE MICROPROCESSING UNIT 
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FIGURE 8 — SAVING THE STATUS OF THE MICROPROCESSOR IN THE STACK 


SP = Stack Pointer ; 
CC = Condition Codes (Also called the Processor Status By 
ACCB = Accumulator B 
ACCA = Accumulator A 
IXH = Index Register, Higher Order 8 Bits 
IXL = Index Register, Lower Order 8 Bits 
PCH = Program Counter, Higher Order 8 Bits 
PCL = Program Counter, Lower Order 8 Bits 
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MPU SIGNAL DESCRIPTION 


Proper operation of the MPU requires that certain control 
and timing signals be provided to accomplish specific func- 
tions and that other signal lines be monitored to determine 
the state of the processor. These control and timing signals 
are similar to those of the MC6800 except that TSC, DBE, 
1, $2 input, and two unused pins have been eliminated, 
and the following signal and timing lines have been added: 

RAM Enable (RE) 

Crystal Connections EXTAL and XTAL 

Memory Ready (MR) 

Vcc Standby 

Enable #2 Output (E) 


The following is a summary of the MPU signals: 


ADDRESS: BUS (A0-A15) 


Sixteen pins are used for the address bus. The outputs are 
capable of driving one standard TTL load and 90 pF. These 
lines do not have three-state capability. 


DATA BUS (D0-D7) © 


Eight pins are used for the data bus. It is bidirectional, 
transferring data to and from the memory and peripheral 
devices. It also has three-state output buffers capable of 
driving one standard TTL load and 130 pF. 

Data bus will be in the output mode when the internal 
RAM is accessed and RE will be high. This prohibits external 
data entering the MPU. It should be noted that the internal 
RAM is fully decoded from $0000 to $007F. External RAM at 
$0000 to $007F must be disabled when internal RAM is ac- 
cessed. 


HALT 

When this input is in the low state, all activity in the 
machine will be halted. This input is level sensitive. In the 
HALT mode, the machine will stop at the end of an instruc- 





tion, bus available will be at a high state, valid memory ad- 
dress will be at a low state. The address bus will display the 
address of the next instruction. 

To ensure single instruction operation, transition of 
the HALT line must occur tpcs before the rising edge 
of E and the HALT line must go high for one clock cycle. 

HALT should be tied high if not used. This is good 
engineering design practice in general and necessary to en- 
sure proper operation of the part. 





READ/WRITE (R/W) 


This TTL-compatible output signals the peripherals and 
memory devices whether the MPU is in a read (high) or write 
(low) state. The normal standby state of this signal is read 
(high). When the processor is halted, it will be in the read 
State. This output is capable of driving one standard TTL 
load and 90 pF. 


VALID MEMORY ADDRESS (VMA) 


This output indicates to peripheral devices that there is a 
valid address on the address bus. In normal operation, this 
signal should be utilized for enabling peripheral interfaces 
such as the PIA and ACIA. This signal is not three-state. One 
standard TTL load and 90 pF may be directly driven by this 


active high signal. 


BUS AVAILABLE (BA) — The bus available signal will nor- 
mally be in the low state; when activated, it will go to the 
high state indicating that the microprocessor has stopped 
and that the address bus is available (but not in a three-state 
condition). This will occur if the HALT line is in the low state 
or the processor is in the WAIT state as a result of the execu- 
tion of a WAIT instruction. At such time, all three-state out- 
put drivers will go to their off-state and other outputs to their 
normally inactive level. The processor is removed from the 
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WAIT state by the occurrence of a maskable (mask bit | =0) 
or nonmaskable interrupt. This output is capable of driving 
one standard TTL load and 30 pF. 


INTERRUPT REQUEST (IRQ) 


A low level on this input requests that an interrupt se- 
quence be generated within the machine. The processor will 
wait until it completes the current instruction that is being 
excuted before it recognizes the request. At that time, if the 
interrupt mask bit in the condition code register is not set, 
the machine will begin an interrupt sequence. The index 
register, program counter, accumulators, and condition 
code register are stored away on the stack. Next the MPU 
will respond to the interrupt request by setting the interrupt 
mask bit high so that no further interrupts may occur. At the 
end of the cycle, a 16-bit vectoring address which is located 
in memory locations $FFF8 and $FFF9 is loaded which 
causes the MPU to branch to an interrupt routine in memory. 

The HALT line must be in the high state for interrupts to 
be serviced. Interrupts will be latched internally while HALT 
is low. 

A nominal 3 kQ pullup resistor to Vcc should be used for 
wire-OR and optimum control of interrupts. [RO may be tied 
directly to Vcc if not used. 








RESET 


This input is used to reset and start the MPU from a 
power-down condition, resulting from a power failure or an 
initial start-up of the processor. When this line is low, the 
MPU is inactive and the information in the registers will be 
lost. If a high level is detected on the input, this will signal 
the MPU to begin the restart sequence. This will start execu- 


tion of a routine to initialize the processor from its reset con- 
dition. All the higher order address lines will be forced high. 
For the restart, the last two ($FFFE, $FFFF) locations in 
memory will be used to load the program that is addressed 
by the program counter. During the restart routine, the inter- 
rupt mask bit is set and must be reset before the MPU can be 
interrupted by IRQ. Power-up and reset timing and power- 
down sequences are shown in Figures 9 and 10, respectively. 

RESET, when brought low, must be held low at least three 
clock cycles. This allows adequate time to respond internally 
to the reset. This is independent of the trc power-up reset 
that is required. 

When RESET is released it must go through the low-to- 
high threshold without bouncing, oscillating, or otherwise 
causing an erroneous reset (less than three clock cycles). 
This may cause improper MPU operation until the next valid 
reset. 








NON-MASKABLE INTERRUPT (NMI) 


A low-going edge on this input requests that a non- 
maskable interrupt sequence be generated within the pro- 
cessor. As with the interrupt request signal, the processor 
will complete the current instruction that is being executed 
before it recognizes the NMI signal. The interrupt mask bit in 
the condition code register has no effect on NMI. 

The index register, program counter, accumulators, and 
condition code registers are stored away on the stack. At the 
end of the cycle, a 16-bit vectoring address which is located 
in memory locations $FFFC and $FFFD is loaded causing the 
MPU to branch to an interrupt service routine in memory. 

A nominal 3 kQ pullup resistor to Vcc should be used for 
wire-OR and optimum control of interrupts. NMI may be tied 


FIGURE 9 — POWER-UP AND RESET TIMING 
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directly to Vcc if not used. — i ; FIGURE 10 — POWER-DOWN SEQUENCE 
Inputs IRQ and NMi are hardware interrupt lines that are ss | 
sampled when E is high and will start the interrupt routine on 
a low E following the completion of an instruction. 
Figure 11 is a flowchart describing the major decision 
paths. and interrupt vectors of the microprocessor. Table 1 
gives the memory map for interrupt vectors. 


TABLE 1 — MEMORY MAP FOR 
INTERRUPT VECTORS 


- 
=| Desenton | 










| MS 
SFFF8 interrupt Request 







FIGURE 11 — MPU FLOWCHART 
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FIGURE 12 — CRYSTAL SPECIFICATIONS 
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“These are representative AT-cut parallel resonance crystal parameters only. 
Crystals of other types of cuts may also be used. 
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Figure 13 — SUGGESTED PC BOARD LAYOUT 


Example of Board Design Using the Crystal Oscillator 
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FIGURE 14 — MEMORY READY SYNCHRONIZATION 
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FIGURE 15 — MR NEGATIVE SETUP TIME REQUIREMENT 





_ E Clock Stretch 





The E clock will be stretched at end of E high of the cycle during which MR negative meets the tpcs setup time. The tpcs setup time is 
referenced to the fall of E. If the tpcs setup time is not met, E will be stretched at the end of the next E-high % cycle. E will be stretched in in- 
tegral multiples of % cycles. 


Resuming E Clocking 


Stretched E 





The E clock will resume normal operation at the end of the % cycle during which MR assertion meets the tpcs setup time. The tpcs setup time _ 
is referenced to transitions of E were it not stretched. If tpcs setup time is not met, E will fall at the second possible transition time after MR is 
asserted. There is no direct means of determining when the tpcs references occur, unless the synchronizing circuit of Figure 14 is used. 
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RAM ENABLE (RE) 


A TTL-compatible RAM enable input controls the on- 
chip RAM of the MC6802. When placed in the high state, 
the on-chip memory is enabled to respond to the MPU 
controls. In the low state, RAM is disabled. This pin may 
also be utilized to disable reading and writing the on- 
chip RAM during a powerdown situation. RAM Enable 
must be low three cycles before Vcc goes below 4.75 
V during powerdown. RE should be tied to the correct 
high or low state if not used. 


EXTAL AND XTAL 

These inputs are used for the internal oscillator that may 
be crystal controlled. These connections are for a parallel 
resonant fundamental crystal (see Figure 12). (AT-cut.) A 
divide-by-four circuit has been added so a 4 MHz crystal may 
be used in lieu of a 1 MHz crystal for a more cost-effective 
system. An example of the crystal circuit layout is shown in 
Figure 13. Pin 39 may be driven externally by a TTL input 
signal four times the required E clock frequency. Pin 38 is to 
be grounded. 

An RC network is not directly usable as a frequency 
source on pins 38 and 39. An RC network type TTL or CMOS 
oscillator will work well as long as the TTL or CMOS output 
drives the on-chip oscillator. 

LC networks are not recommended to be used in place of 
the crystal. 


lf an external clock is used, it may not be halted for 
more than tpWoL-. The MC6802 is a dynamic part except 
for the internal RAM, and requires the external clock to 
retain information. 


MEMORY READY (MR) 


MR is a TTL-compatible input signal controlling the stret- 
ching of E. Use of MR requires synchronization with the 4xfo 
signal, as shown in Figure 14. When MR is high, E will be in 
normal operation. When MR is low, E will be stretched in- 
tegral numbers of half periods, thus allowing interface to 
slow memories. Memory Ready timing is shown in Figure 15. 

MR should be tied high (connected directly to Vcc) if not 
used. This is necessary to ensure proper operation of the 
part. A maximum stretch is tcyc. 


ENABLE (E) 


This pin supplies the clock for the MPU and the rest of the 
system. This is a single-phase, TTL-compatible clock. This 
clock may be conditioned by a memory read signal. This is 
equivalent to ¢2 on the MC6800. This output is capable of 
driving one standard TTL load and 130 pF. 


Vcc STANDBY 


This pin supplies the dc voltage to the first 32 bytes 
of RAM as well as the RAM Enable (RE) control logic. 
Thus, retention of data in this portion of the RAM on a 
power-up, power-down, or standby condition is guar- 
anteed. Maximum current drain at VSgB maximum is 
ISBB- 


MPU INSTRUCTION SET 


The instruction set has 72 different instructions. Included 
are binary and decimal arithmetic, logical, shift, rotate, load, 
store, conditional or unconditional branch, interrupt and 
stack manipulation instructions (Tables 2 through 6). The in- 
struction set is the same as that for the MC6800. 


MPU ADDRESSING MODES 


There are seven address modes that can be used by a pro- 
grammer, with the addressing mode a function of both the 
type of instruction and the coding within the instruction. A 
summary of the addressing modes for a particular instruction 
can be found in Table 7 along with the associated instruction 
execution time that is given in machine cycles. With a bus 
frequency of 1 MHz, these times would be microseconds. 


ACCUMULATOR (ACCX) ADDRESSING 


‘In accumulator only addressing, either accumulator A or 
accumulator B is specified. These are one-byte instructions. 


IMMEDIATE ADDRESSING 


In immediate addressing, the operand is contained in the 
second byte of the instruction except LDS and LDX which 
have the operand in the second and third bytes of the in- 
struction. The MPU addresses this location when it fetches 
the immediate instruction for execution. These are two- or 
three-byte instructions. 


DIRECT ADDRESSING 


In direct addressing, the address of the operand is contain- 
ed in the second byte of the instruction. Direct addressing 
allows the user to directly address the lowest 256 bytes in the 
machine, i.e., locations zero through 255. Enhanced execu- 
tion times are achieved by storing data in these locations. In 
most configurations, it should be a random-access memory. 
These are two-byte instructions. 


EXTENDED ADDRESSING 


In extended addressing, the address contained in the se- 
cond byte of the instruction is used as the higher eight bits of 
the address of the operand. The third byte of the instruction 
is used as the lower eight bits of the address for the operand. 
This is an absolute address in memory. These are three-byte 
instructions. 


INDEXED ADDRESSING 


In indexed addressing, the address contained in the se- 
cond byte of the instruction is added to the index register’s 
lowest eight bits in the MPU. The carry is then added to the 
higher order eight bits of the index register. This result is 
then used to address memory. The modified address is held 
in a temporary address register so there is no change to the 
index register. These are two-byte instructions. 
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IMPLIED ADDRESSING i byte of the instruction is added to the program counter’s 

In the implied addressing mode, the instruction gives the | lowest eight bits plus two. The carry or borrow is then added 
address (i.e., stack pointer, index register, etc.). These are to the high eight bits. This allows the user to address data 
one-byte instructions. . . within a range of — 125 to + 129 bytes of the present instruc- | 


tion. These are two-byte instructions. 
RELATIVE ADDRESSING 
In relative addressing, the address contained in the second 


TABLE 2 — MICROPROCESSOR INSTRUCTION SET — ALPHABETIC SEQUENCE 


ABA Add Accumulators CLR Clear PUL Pull Data 
ADC Add with Carry CLV Clear Overflow ROL Rotate Left 





ADD Add CMP Compare 
AND Logical And _ COM = Complement aT siete aaa 
ASL Arithmetic Shift Left CPX Compare Index Register 
: : a RTS Return from Subroutine 
ASR Arithmetic Shift Right ; 
a DAA Decimal Adjust SBA Subtract Accumulators 
BCC Branch if Carry Clear DEC Decrement SBC Subtract with Carry 
BCS Branch if Carry Set DES Decrement Stack Pointer Sec Set Carry 
BEQ Branch if Equal to Zero DEX Decrement Index Register 
SEI Set Interrupt Mask 
BGE Branch if Greater or Equal Zero EOR Exclusive OR SEV Set Overflow 
BGT Branch if Greater than Zero wae . STA Store AGE NUIATS 
BHI Branch if Higher INC Increment ete 
; . STS Store Stack Register 
BIT Bit Test INS Increment Stack Pointer STX Store Index Register 
BLE Branch if Less or Equal INX increment Index Register. 
; : SUB Subtract 
BLS Branch if Lower or Same JMP J SWI Software. (nleriust 
BLT Branch if Less than Zero ump 5 
BMI Branch if Minus JSR Jump to Subroutine TAB Transfer Accumulators 
BNE Branch if Not Equal to Zero LDA Load Accumulator TAP Transfer Accumulators to Condition Code Reg. 
BPL Branch if Plus LDS Load Stack Pointer TBA Transfer Accumulators 
BRA Branch Always LDX Load index Register TPA Transfer Condition Code Reg. to Accumulator 
BSR Branch to Subroutine LSR Logical Shift Right TST Test : 
BVC Branch if Overflow Clear NEG Negate TSX Transfer Stack Pointer to Index Register 
BVS Branch if Overfiow Set NOP. No Operation Ts panslet Index Register to Stack Pointer 
CBA Compare Accumulators ORA inclueivacOR Accumulaioe WAI Wait for Interrupt 


CLC Clear Carry 
CLI Clear Interrupt Mask PSH Push Data 
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TABLE 3 — ACCUMULATOR AND MEMORY INSTRUCTIONS 

















ADORESSING MODES BOOLEAN/ARITHMETIC OPERATION COND. CODE REG. 
Heo. meer] mpex {eno | MeL _ (All register labels fa [3{2]1{o | 
OPERATIONS MNEMONIC ee oe oe ncoreen Bg 
Add ADDA 2 2);AB 5 2 4 3 A+M-A Pyeyraty@rt 
ADODB i 2 oe 21€&8 5 2 - 4 3 B+M -B treititityt 
Add Acmitrs ABA 18 2 1 | A+B-A theyrytytyt 
Add with Carry ADCA 89 2 2/99 3 2);A9 5 2)]89 4 3 A+M+C -A treytity ryt 
AOCB co 2 462/09 3 2;/€9 5 2/F9 4 3 B+M+C -B fyeyryprytis 
And ANOA 84 2 2]94 3 2)]A4 5 2] 84 4 3 A-M-A @ejelt|/tirie 
ANOB C4 2 2);04 3 2/€4 5 2|F4 4 3 B-M -B @eleltitirie 
Bit Test BITA 85 2 2195 3 2!A5 5 2] 85 4 3 A-M eje;tit; Rie 
BITB C5 2 2}05 3 2/€5 5 2)F5 4 3 B-M elel;ti ti rie 
Clear CLR 6F 7 2) 7F 6 3 00 --M @leiRIS|RIR 
CLRA 4F 2 11 OO-A @/e;R}S|RIR 
CLRB 5F 2 1 | 00 -B @le;R}S|RIR 
Compare CMPA 81 2 2); 91 3 2];A1 5 2] 81 4 3 A-M @elelrytityt 
CMP8 cr 2 2/)]0) 3 2)]€1 5 2), F1 4 3 B-M @jeytyrp ryt 
Compare Acmitrs CBA 11 2 4 | A-B ele; rp tp tyt 
Complement, 1's COM 63 7 2173 6 3 M-M @jerti rT] Ris 
COMA 43 2 1/A-A @ejeityt/ Ris 
COMB 53 2 1186 -B @lesi} ti] Ris 
Complement, 2's NEG 60 7 2/70 6 3 00-M-°M eel! | 11O@ 
(Negate) NEGA 40 2 1 | 00--A-A eet] 1aO®m 
NEGB 50 2 1 | 00-8 -B elelt]110@ 
Decimal Adjust, A DAA 19 2 #1 Converts Binary Add. of BCO Characters | @|@/{S}t! t@ 
into BCD Format 
Decrement DEC 6A 7 217A 6 3 M-t°M eleitit Me 
DECA 4A 2 t1A 1A eleitit@e 
OECB 5A 2 1/1B8-1-8 ejeltit@e 
Exclusive OR EQRA 88 2 2/98 3 2)A8 5 2) B88 4 3 A@M -A @eleltit e 
EORB c8 2062) 08 3 2) €8 5 24 FB 4 3 B@M -8 @elejiit e 
Increment INC 6C 7 2];7€ € 3 M+1--M elel!|!j)e 
INCA 4C 2 14 A+1-4 elelt| tle 
INCB 5C 2 14 B+t1-B eles!) Ge 
Load Acmitr LDAA 86 2 2/]96 3 2/)]A6 5 2] 86 -4 3 M-A eleilit|/Rie 
LOAB C6 2 2);06 3 2)|6€6 5 2] F6 4 3 M -B @eyeit;/t| Rie 
Or, Inclusive ORAA | 8A 2 2]/9A 3 2/AA 5 21BA 4 3 | A+M-A ejel:itirie 
ORAB CA 2 2{;DA 3 2/FA 5 2) FA 4 3 B+M -B e@ele;l;t)Rie 
Push Data PSHA 36 4 1 | A -Mgp,SP-1 -SP elelelelele 
PSHB 37 4 1 | B -Mgp,SP -1 -SP ejelel/elele 
Pull Data PULA 32. 4 1 | SP+1 -SP,Msp -A elelelielele 
PULB 33 4 #1 | SP+1-+SP,/Msp -8 elelaleleiea 
Rotate Left ROL 69 7 2});78 6 3 M eel i tie 
ROLB “569 2 #14 8 Cc b7 ~ 0 ejelr tie 
Rotate Right ROR 66 7 2176 6 3 M ejel!) tet 
RORA 46 2 11/A a= Gee @ejelt ll tie 
RORB 56 2 1/8 c b7 =~ 0 elel1)11@! 
Shift Left, Arithmetic ASL 68 7 2/78 6 3 M Ean ejeolt tig 
ASLA 48 2 1/A O-~- com7-90 ele;r) tie! 
ASLB 58 2 11/8 C b7 b0 efeti1i@! 
Shift Right, Arithmetic ASR 6/ 7 2) 77 6 3 M os eye; tit 
ASRA 47 2 ‘4 |} Cetin ~ g @erelti tit 
ASRB 57 2 14.8 b7 bO C @leitit ! 
Shift Right, Logic LSR 64 7 2174 6 3 M ss ej;eiR| 1G! 
LSRA 44 2 T/A 0-OldOd ~- o @;eiR) tieyt 
LSRB 54 2 118 b? b0 eleiR| tit 
Store Acmitr STAA 97 4 2;A7 6 2{48B7 § 3 A-M @eie@itit; Rie 
STAB 07 4 2] 6&7 6 2;)F7? 5 3 B-M @eje;li il] Rie 
Subtract SUBA 80 2 2{90 3 2]}A0 5 2/80 4 3 A M-A @lelltiti tt 
SUBB co 2 2/00 3 2/)|€0 5 2/]Ff0 4 3 B-M--B @jertiiftyt 
Subtract Acmitrs. SBA 10 2 TI] A-B-A @leyiitytyt 
Subtr. with Carry SBCA 82 2 2192 3 2}A2 5 2] 82 4 3 A-M-C-A @eleltiiti tit 
SBCB C2 2 2];02 3 2);€2 5 2} F2 4 3 B-M-C °B @le;ty ty tyt 
Transfer Acmitrs TAB 16 2 1 A-B eleltii}Rie 
TBA 72 ~°«41 B-A eleliit}/ Rie 
Test, Zero or Minus TST 60 7 2;70 6 3 M - 00 @eleltit)/RiR 
TSTA 4D 2 J A -00 @je;i] tT] RiR 
TSTB 5D 2 1414 8-00 @le;!) 1) RiR 
alti iz} vic | 
LEGEND: CONDITION CODE SYMBOLS: 
OP Operation Code (Hexadecimal); + Boolean Inclusive OR: 
> Number of MPU Cycles: ® Boolean Exclusive OR; H Half-carry from bit 3; 
= Number of Program Bytes; a Complement of M: | interrupt mask 
+ Arithmetic Plus; ea Transfer Into; N Negative (sign bit) 
- Arithmetic Minus; 0 Bit = Zero: Zz Zero (byte) 
Boolean AND: 00 Byte = Zero: V Overtiow, 2’s complement 
Msp Contents of memory tocation pointed to be Stack Pornter: C Carry trom bit 7 
R Reset Always 
Note - Accumulator addressing mode instructions are included in the column for IMPLIED addressing $ Set Always 
! Test and set if true, cleared otherwise 
id Not Affected 


i | 
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POINTER ORERATIONS 


Compare Index Reg — 
Decrement Index Reg 
Decrement Stack Pntr 
Increment Index Reg 


Increment Stack Pntr 
Load Index Reg 

Load Stack Pntr 

Store Index Reg 

Store Stack Pntr 7 
y :ndx Reg + Stack Pntr 
Stack Pntr + Indx Reg 


OPERATIONS 


Branch Always 

Branch If Carry Clear 
Branch If Carry Set 
Branch If = Zero 

Branch If > Zero 

Branch if > Zero 

Branch If Higher 

Branch If < Zero oo 
Branch If Lower Or Same 
Branch If < Zero’ 
Branch If Minus 

Branch If Not Equal Zero 
Branch If Overflow Clear 
Branch If Overflow Set 
Branch If Plus 

Branch To Subroutine 
Jump 

Jump To Subroutine 

No Operation 

Return From Interrupt 
Return From Subroutine 
Software Interrupt 

Wait for Interrupt. 
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TABLE 4 — INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 











COND. CODE REG. 


EAN/ARITHMETIC OPERATION Pali] izivic | 
@ 


XH - M, Xi - (M41) 


X-1 °xX 
SP. 1--SP 
X+1 °X 
SP +1 >SP 
M -Xy, (M+ 1) 


“XL 


M -SPy. (M41) °SPL 


XH °M, Xi 
SPy °M, SPL > 
X- 1 -SP 
SP+1.°X 


TABLE 5 — JUMP AND BRANCH INSTRUCTIONS 


RELATIVE =f mee EXTNO | IMPLIED 


oprprrr PP Hh PSP P HHP HF HS 
Mm BO RO RO RO RO RO RY RO RO RO RD BO RO RO RO 


BRANCH TEST 


None 

C=0 

C=1 

Z=1 
N@vV=0 
Z+(N@V)= 


°€+2=0 


Z+(N@V)=1 
C+Z=1 
N@V=1 
N=] 


See Special Operations 
(Figure 16) 
Advances Prog. Cntr. Only 


See Specia! Operations 


(Figure 16) 
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*(M+1) 


(M+ 1) 


O<ee 











e eOOOWO~e«e«e e eO 





COND. CODE REG. 


MC6802 


FIGURE 16 — SPECIAL OPERATIONS 
SPECIAL OPERATIONS 









JSR, JUMP TO SUBROUTINE: 
PC Main Program SP Stack PC Subroutine 
n [ao=ask + ~-2[[ 7 INX + K 
woxo | asi [x= ore | > sp 2 a 
n+? SP [n + 2| L 
*K = 8-Bit Unsigned Value [n+ 2] y and [n+ 2], Formn+2 
PC Main Program SP Stack PC Subroutine 


S 


SH = Subr. Addr. 
EXTNO ‘ 
[n+3] L (S Formed From Sy and S,) 


SL = Subr. Addr. 





BSR, BRANCH TO SUBROUTINE: 
PC = Main Program 


80 = BSR 


*K = 7-Bit Signed Value; n+2 Formed From {n+ 2] y and {n+ 2], 


PC Subroutine 










n 


n+] 





n+2 


JMP, JUMP: 
PC Main Program PC Main Program 


n | 6E = JMP 
n+1 K = Offset 
INDXD - 


: EXTENDED 


X+K | Next Instruction 


RTS, RETURN FROM SUBROUTINE: 
PC Subroutine 


's [39= ATs > 





e 
K Next Instruction 


PC Main Program 


n Next Main Instr. 


PC Main Program 


n Next Main Instr. 


RTI, RETURN FROM INTERRUPT: 


pc _Interrupt Program 


S 3B = RTI > 





TABLE 6 — CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 
COND. CODE REG. 


OPERATIONS MNEMONIC 


Clear Carry 

Clear Interrupt Mask 
Clear Overflow 

Set Carry 

Set Interrupt Mask 
Set Overflow 
Acmitr A> CCR 
CCR > Acmitr A 




















CONDITION CODE REGISTER NOTES: ‘(Bit set it test is true and cleared otherwise) 


1 (Bit V) Test: Result = 10000000? 7 (Bit N) Test: Sign bit of most significant (MS) byte = 1? 
2 (BitC) Test: Result # 00000000? 8 (Bit V) Test: 2's complement overflow from subtraction of MS bytes? 
3 (Bit C) Test: Decimal value of most significant BCD Character greater than nine? 9 (Bit N) Test: Result less than zero? (Bit 15 = 1) 
(Not cleared if previously set.) 10 (All) Load Condition Code Register from Stack. (See Special Operations) 
4 (Bit V) Test: Operand = 10000000 prior to execution? 11 (Bit 1) Set when interrupt occurs. If previously set, a Non-Maskable 
5 (Bit V) Test: Operand = 01111111 prior to execution? Interrupt is required to exit the wait state. 
6 (Bit V) Test: Set equal to result of N@C after shift has occurred. 12. (AN) Set according to the contents of Accumulator A. 
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TABLE 7 — INSTRUCTION ADDRESSING MODES AND ASSOCIATED EXECUTION TIMES 


(Times in Machine Cycle) 


parjdus| 
pexapu| 


pepuaix 3 


39341, 


ayeipawwy 
xXI0V 


(puesado jeng) 


SAIejay 
patjdus| 
paxapu; 
papuax 
39311Q 
Heipawus| 
XO9V 


(puesedQ jenq) 


etteoececececeoeonesvrsreelnnennnece eVnunnn essen 


~Peesvmnwowornrneneeaenrrneeeeaeneeeorrneeeeenre e @ 
woeenanwnnwowoevrewenneaeeaeeaexrxreeveaennnowy ee0e2e0eO © @ @ 
eeeoeowormnmvstroeoeoenrmreeereeeeeaeoenmreeernmnnneeeoeeeeee e 


eowaxenMMesneneeoeoeeveeveeneneeeeeenee eee ee & @ 


Newveeeeereanneeceeonneecseeereveeeeeeeeneneee 


x > < x< < 
anacn OA@dqd@rusA HMWaeoO_>anxOsmadcatexx Ss 
COxSEAGOGWOCHSOOF FP GOueor EE os ecoa nnn 
2229S E8555 5D ZZ00CALTTAAHDHDNDHNHHHHNHDOEFEFEFEFES 


eeeoo5uovrvvyv~vrvvvyvevvvtyyrv+¥+tOTYT eee eeeeee eee e@ 
Ne@oeoeeneeteevoeveeeveeeeeeveeweeennneneeenevey e@ 


emnonnmnnwmnnrnnrneeeeeeneeeeeeoeeeseeeoeeoeerennrwoenr @ @M 


ervrvy~vyrowoeeeoexe54rvreeeeeeeeeeeoeeoenmweevrnonenve @et 


eeommmnee@e 6 @ @ 


ann nN © © 6 @ @ @ 


ee Genn @ ee @ @ 


ABA 
ADC 
ADD 
AND 
ASL 
ASR 
BCC 
BCS © 
BEA 
BGE 


. wnreowWwiudtctonct 
Oreja guusZzacns>o0 
ONONODNMNDNDAMDMAMNAAMDAO 


x 





a2Sxao 
SoS 4s 00 au 
OOO0O00000 


eee0aunmevees 
eovo5enermee 


@eeneeneen 


x 


DES 


e 


DEX 


x 


EOR 


Interrupt time is 12 cycles from the end of 


NOTE: 


the instruction being executed, except following 


a WAI instruction. Then it 1s 4 cycles 
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SUMMARY OF CYCLE-BY-CYCLE OPERATION 


Table 8 provides a detailed description of the information as the control program is executed. The information is 
present on the address bus, data bus, valid memory address categorized in groups according to addressing modes and 
line (VMA), and the read/write line (R/W) during each cycle number of cycles per instruction. (In general, instructions 
for each instruction. with the same addressing mode and number of cycles ex- 

This information is useful in comparing actual with ex- ecute in the same manner; exceptions are indicated in the 
pected results during debug of both software and hardware table.) 


TABLE 8 — OPERATIONS SUMMARY 


Cycle | VMA| R/W 
# Line Address Bus Line Data Bus 


Op Code Address Op Code 
Op Code Address + 1 Operand Data 


| Address Mode _i| 
and Instructions Cycles 


IMME DIATE 











Op Code 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 


Op Code Address 
Op Code Address + 1 
Op Code Address + 2 





DIRECT 









Op Code 
Address of Operand 
Operand Data 


Op Code Address 
Op Code Address + 1 
Address of Operand 









Op Code Address 
Op Code Address + 1 






Op Code 
Address of Operand 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Op Code 
Destination Address 






Address of Operand 
Operand Address + 1 
Op Code Address 
Op Code Address + 1 
Destination Address 





















Irrelevant Data (Note 1) 

















Data from Accumulator 
Op Code 
Address of Operand 

Irrelevant Data (Note 1) 
Register Data (High Order Byte) 
Register Data (Low Order Byte) 


Destination Address 
Op Code Address 
Op Code Address + 1 
Address of Operand 
Address of Operand 
Address of Operand + 1 














Oo fF WN | R WN Al hm WN — 


Op Code Address 
Op Code Address + 1 


Index Register 


Op Code 
Offset 


Irrelevant Data (Note 1) 



















Irrelevant Data (Note 1) 
Op Code 
Offset 
Irrelevant Data (Note 1) 


Index Register Plus Offset (w/o Carry) 
Op Code Address 
Op Code Address + 1 
Index Register 














Irrelevant Data (Note 1) 







Index Register Plus Offset (w/o Carry) 





Operand Data 
Op Code 
Offset 

Irrelevant Data (Note 1) 


Index Register Plus Offset 
Op Code Address 
Op Code Address + 1 
Index Register 









Irrelevant Data (Note 1) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 





index Register Plus Offset (w/o Carry) 





Index Register Plus Offset 
Index Register Plus Offset + 1 






On fF WHY HIM A&B YH HY HI/B WH = 
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_ TABLE 8 — OPERATIONS SUMMARY (CONTINUED) 


Address Mode | Cycle | VMA | R/W | 
and Instructions _| Cycles # {Line Address Bus Line Data Bus 


INDEXED (Continued) 
STA 



























Op Code Address 
Op Code Address + 1 
Index Register 

















Op Code 
Offset 
Irrelevant Data (Note 1) 










Index Register Plus Offset (w/o Carry) Irrelevant Data (Note 1) 





Index Register Plus Offset Irrelevant Data (Note 1) 
Operand Data 
Op Code 
Offset 


Irrelevant Data (Note 1) 






Index Register Plus Offset 
Op Code Address 
Op Code Address + 1 
Index Register 











Index Register Plus Offset (w/o Carry) Irrelevant Data (Note 1) 






Index Register Plus Offset Current Operand Data 


index Register Plus Offset Irrelevant Data (Note 1) 


New Operand Data (Note 3) 





Index Register Plus Offset 























Op Code Address 
Op Code Address + 1 
index Register 


Op Code 
Offset 7 
Irrelevant Data (Note 1) 






















Index Register Plus Offset (w/o Carry) Irrelevant Data (Note 1) 





Irrelevant Data (Note 1) 
Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 
Op Code 
Offset 
Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1) 


Index Register Plus Offset 





Index Register Plus Offset 
Index Register Plus Offset + 1 
Op Code Address 
Op Code Address + 1 
Index Register 

Stack Pointer 

Stack Pointer — 1 
Stack Pointer — 2 




















Index Register Irrelevant Data (Note 1) 





dees pee 





Index Register Plus Offset (w/o Carry) Irrelevant Data (Note 1) 


EXTENDED 
Op Code Address Op Code 

Op Code Address + 1 Jump Address (High Order Byte) 

Op Code Address + 2 Jump Address (Low Order Byte) 

Op Code Address , Op Code 

Op Code Address + 1 Address of Operand (High Order Byte) 
Op Code Address + 2 Address of Operand (Low Order Byte) 
Address of Operand Operand Data 

Op Code Address ; Op Code 

Op Code Address + 1 Address of Operand (High Order Byte) 
Op Code Address+ 2 Address of Operand (Low Order Byte) 
Address of Operand Operand Data (High Order Byte) 
Address of Operand + 1 Operand Data (Low Order Byte) 


Ee 


— 


Op Code Address | Op Code 


Op Code Address + 1 Destination Address (High Order Syte) 
Op Code Address + 2 Destination Address (Low Order Byte) 
Operand Destination Address Irrelevant Data (Note 1) 
Operand Destination Address Data from Accumulator 

Op Code Address Op Code 

Op Code Address + 1 Address of Operand (High Order Byte) . 
Op Code Address + 2 Address of Operand (Low Order Byte) 
Address of Operand Current Operand Data 

Address of Operand irrelevant Data (Note 1) 

Address of Operand New Operand Data (Note 3) 
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INHERENT 


ABA DAA 
ASL DEC 
ASR INC 

CBA LSR 

CLC NEG 
CLI NOP 
CLR ROL 
CLV ROR 
COM SBA 


DES 
DEX 
INS 
INX 


PSH 


PUL 


TSX 


TXS 


RTS 


Address Mode 
and instructions 


EXTENDED (Continued) 


SEC 
SEI 

SEV 
TAB 
TAP 
TBA 
TPA 
TST 


Cycle | VMA 
# Line 


WON = 


BSS 


OWN DOA WN AID A aBwWN = 
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TABLE 8 — OPERATIONS SUMMARY (CONTINUED) 






Address Bus 


Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Address of Operand 
Address of Operand 
Address of Operand + 1 
Op Code Address 

Op Code Address + 1 
Op Code Address + 2 
Subroutine Starting Address 
Stack Pointer 

Stack Pointer — 1 
Stack Pointer — 2 

Op Code Address + 2 
Op Code Address + 2 


Op Code Address 
Op Code Address + 1 


Op Code Address 
Op Code Address + 1 
Previous Register Contents 


New Register Contents 
Op Code Address 


Op Code Address + 1 
Stack Pointer 

Stack Pointer — 1 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 

Op Code Address 
Op Code Address + 1 
Stack Pointer 





New Index Register 
Op Code Address 
Op Code Address + 1 
Index Register 

New Stack Pointer 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 


Stack Pointer + 2 
















R/W 
Line Data Bus 
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Op Code 

Address of Operand (High Order Byte) 
Address of Operand (Low Order Byte) 
Irrelevant Data (Note 1) 

Operand Data (High Order Byte) 
Operand Data (Low Order Byte) 

Op Code 

Address of Subroutine (High Order Byte) 
Address of Subroutine (Low Order Byte) 
Op Code of Next Instruction 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Irrelevant Data (Note 1) 

Irrelevant Data (Note 1) 


Address of Subroutine (Low Order Byte) 


Op Code 
Op Code of Next Instruction 





Op Code 
Op Code of Next Instruction 








Irretevant Data (Note 1) 







Irrelevant Data (Note 1) 
Op Code 
Op Code of Next Instruction 







Accumulator Data 
Accumulator Data 

Op Code 

Op Code of Next Instruction 
Irrelevant Data (Note 1) 
Operand Data from Stack 
Op Code 
Op Code of Next Instruction 
Irrelevant Data (Note 1) 





Irrelevant Data (Note 1) 
Op Code 
Op Code of Next Instruction 


Irrelevant Data 


trrelevant Data 
Op Code 
Irrelevant Data (Note 2) 





Irrelevant Data (Note 1) 


Address of Next Instruction (High 
Order Byte) 


Address of Next Instruction (Low 
Order Byte) 
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TABLE 8 — OPERATIONS SUMMARY (CONCLUDED) 


Address Mode Cycle| VMA R/W . 
and Instructions Cycles # | Line Address Bus Line Data Bus 5 , 


INHERENT (Continued) 
Op Code 


Op Code of Next Instruction 
Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 
Contents of Accumulator B 
Contents of Cond. Code Register 
Op Code 
Irrelevant Data (Note 2) 
Irrelevant Data (Note 1) 


Contents of Cond. Code Register from 
Stack 


Contents of Accumulator 8B from Stack 
































Op Code Address 
Op Code Address + 1 
Stack Pointer 
Stack Pointer — 1 
Stack Pointer — 2 
Stack Pointer — 3 
Stack Pointer — 4 
Stack Pointer — 5 
Stack Pointer — 6 
Op Code Address 
Op Code Address + 1 
Stack Pointer 

Stack Pointer + 1 













































Stack Pointer + 2 
Stack Pointer + 3 
Stack Pointer + 4 


Contents of Accumulator A from Stack 


Index Register from Stack (High Order 
Byte) 


Index Register from Stack (Low Order 
Byte) 


Next Instruction Address from Stack 
(High Order Byte) 


Next Instruction Address from Stack 
(Low Order Byte) 


Op Code 
Irrelevant Data (Note 1) 

Return Address (Low Order Byte) 
Return Address (High Order Byte) 
Index Register (Low Order Byte) 
Index Register (High Order Byte) 
Contents of Accumulator A 


Stack Pointer + 5 


Stack Pointer + 6 


Stack Pointer + 7 















Op Code Address 
Op Code Address + 1 

Stack Pointer 

Stack Pointer — 1 

Stack Pointer — 2 

Stack Pointer — 3 

Stack Pointer — 4 

Stack Pointer — 5 

Stack Pointer — 6 

Stack Pointer — 7 

Vector Address FFFA (Hex) 





Contents of Accumulator B 
Contents of Cond. Code Register 
irrelevant Data (Note 1) 


Address of Subroutine (High Order 
Byte) 


Address of Subroutine (Low Order 
Byte) 


Vector Address FFFB (Hex) 


Op Code Address Op Code 

Op Code Address + 1 Branch Offset 

Op Code Address + 2 Irrelevant Data (Note 1) 

Branch Address Irrelevant Data (Note 1) 

Op Code Address Op Code 

Op Code Address + 1 Branch Offset 

Return Address of Main Program irrelevant Data (Note 1) 

Stack Pointer Return Address (Low Order Byte) 
Stack Pointer — 1 Return Address (High Order Byte) 
Stack Pointer — 2 Irrelevant Data (Note 1) 

Return Address of Main Program Irrelevant Data (Note 1) 
Subroutine Address (Note 4) Irrelevant Data (Note 1) 





1 
1 
0 
1 
1 
0 
0 
0 


1 
2 
3 
4 
1 
2 
3 
4 
5 
6 
7 
8 


NOTES: 
1. If device which is addressed during this cycle uses VMA, then the Data Bus will go to the high-impedance three-state condition. 
Depending on bus capacitance, data from the previous cycle may be retained on the Data Bus. 

. Data is ignored by the MPU. 

. For TST, VMA=0O and Operand data does not change. 

. MS Byte of Address Bus= MS Byte of Address of BSR instruction and LS Byte of Address Bus=LS Byte of Sub-Routine Address. 


& Wh 
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MECHANICAL DATA AND ORDERING INFORMATION 


ORDERING INFORMATION 


Package Type reeawoney MHz Order Number 


Plastic 0°C to 70°C MC6802P 
P Suffix : — 40°C to + 85°C MC6802CP 
0°C to 70°C MC68A02P 
— 40°C to + 85°C MC68A02CP 


0°C to 70°C MC68B02P 


0°C to 70°C MC6802S 
—40°C to + 85°C MC6802CS 

0°C to 70°C MC68A02S 
— 40°C to + 85°C MC68A02CS 

0°C to 70°C MC68B02S 





PIN ASSIGNMENT 





RESET 
HALT EXTAL 
MR XTAL 
IRQ E 
VMA RE 
NMI Vcc Standby 
BA R/W 
Vcc DO 
AO D1 
Al D2 
A2 D3 
A3 D4 
A4 D5 
A5 D6 
A6 D7 
A7 A15 
A8 A14 
Ag A13 
A10 Al2 
A11 Vss 
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MC6804J1 


Technical Summary 


8- 


Bit Microcomputer Unit 


MC6804J1 HMOS (high-density NMOS) microcomputer unit (MCU) is a member of. the M6804 


Fam 


ily of serial processing microcomputers. This device displays_all the versatility of an MCU 


whose design-ability to process 8-bit variables one bit at a time already makes it tremendously cost 
effective. ; w) a 

This technical summary contains limited information on the MC6804J1. For detailed information, 
refer to the advanced information data sheet for the MC6804J1, MC6804J2, MC6804P2, and 
MC68704P2 8-bit microcomputers (MC6804J1/D) or to the M6804 MCU Manual (DLE404/D). 

Major hardware and software features of the MC6804P2 MCU are: 




















@ On-Chip Clock Generator e True Bit Manipulation 
@ Memory Mapped |/O e@ Bit Test and Branch Instruction 
@ Software Programmable 8-Bit Timer with @ 304 Bytes Self-Check ROM 
7-Bit Prescaler ® Conditional Branches 
@ Single Instruction Memory Examine/ -@ Timer Pin is Software Programmable as 
Change Clock Input or Timer Output 
@ 30 Bytes of Data RAM e 504 Bytes of User Program Space ROM 
e@ User Selectable Constant Current Pullup Devices available on LSTTL and Open-Drain Interface 
Ports _ : | 
@ Mask Selectable Edge- or Level-Sensitive Interrupt Pin 
BLOCK DIAGRAM 
BBIT ) ~~ XTAL—sCEXTAL RESET MODS iRO 
TIMER o 
PRESCALER COUNTER 
. TIMER/STATUS = 
CONTROL REGISTER EEE ATe 
ACCUMULATOR 
: A CPU 
INDIRECT CONTROL 
REGISTER 
P X 
PBO 
PORT one aa it INDIRECT PBI we 
A REGISTER PB2 
110 A DIR. ; Y ae PORT pp3.Ct«é@® 
LINES PAS REG. | REG. eee (iis PB4 1/0 
STACK REG. | REG. PB5 LINES 
PA7 . PBE 
PROGRAM PB7 
COUNTER 
504 x 8 PROGRAM DATA RAM 
USER PROGRAM ROM COUNTER 
304 x8 LOW PCL 






DATA ROM 


SELF-CHECK ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vcc is +5 volts (+0.5 V) power, and Vssg is 
ground. 


IRO 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the microcomputer. 


EXTAL AND XTAL 


These pins provide contro! input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man- 
ufacturing mask option. The different clock generator op- 
tions are shown in Figure 1, along with crystal 
specifications. 


Internal Clock Options 


The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex- 
ceed recommendations. When using the on-board oscil- 
lator, the MCU should remain in a reset condition, with 
the RESET pin voltage below VirEs +, until the oscillator 
has stabilized at its operating frequency. See Figure 2 for 
resistor/capacitor oscillator options. 










NC 
EXTERNAL 
CLOCK 
INPUT 


EXTAL 







EXTERNAL CLOCK 


{a) 
CRYSTAL PARAMETERS Cy 


EXTAL 4 XTAL 5 


CRYSTAL PARAMETERS 
AT CUT PARALLEL RESONANCE CRYSTAL 
Cg = 7 pF MAXIMUM 
FREQ. = 11 MHz 
Rg = 59 OHMS MAXIMUM 


PIEZOELECTRIC CERAMIC RESONATORS MAY BE 
SUBSTITUTED FOR THE CRYSTAL... FOLLOW 
MANUFACTURER S CERAMIC RESONATOR 
SPECIFICATIONS. 


NOTE Keep crystal leads and circuit connections as short as possible 


MCU 
XTAL (CRYSTAL MASK 
OPTION) 


TIMER 

The TIMER pin can be configured to operate in either 
the input or output mode. As input, this pin is connected 
to the prescaler input and serves as the timer clock. As 
output, the timer pin reflects the contents of the DOUT 
bit of the timer status/control register, the last time the 
TMZ bit was logic high. 


RESET 

The RESET pin is used to restart the processor to the 
beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 
jump instruction to the first instruction of the main pro- 
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MCU. 





MDS 

The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or EPROM program- 
ming. However, if MDS is logic low at the end of the reset 
state, the single-chip operating mode is automatically 
selected. No external diodes, switches, transistors, etc. 
are required for single-chip mode selection. 


INPUT/OUTPUT LINES (PA4-PA7, PBO-PB7) 
These 12 lines are arranged into one 4-bit port (A) and 
one 8-bit port (B). All lines are programmable as either 











XTAL 
MCU 


{RESISTOR CAPACITOR MASK 
OPTION: 


(* DENOTES NC/GNO. GROUNDING 
PIN 4 WILL REDUCE RFI NOISE.) 


EXTERNAL RESISTOR CAPACITOR 


XTAL 


MCU 
EXTAL (CRYSTAL MASK 


OPTION) 





CRYSTAL 


Figure 1. Clock Generator Options and Crystal Parameters 
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commen 15 pF AT 25°C 
—=——— 22 pF AT 25°C 


oa « aw 36 pF AT 25°C 
eoccecococe 50 pF AT 25°C 


f, FREQUENCY (MHz) 





Ry, LOAD RESISTANCE (kQ) 


(a) TYPICAL FREQUENCY VS RESISTANCE 











f, FREQUENCY (MHz) 





5 46 47 48 49 50 51 52 53 54 55 
Vcc. SUPPLY VOLTAGE (V) 


(b) TYPICAL FREQUENCY VARIATIONS @ Cy = 15 pF, 10 kQ 








f, FREQUENCY (MHz) 





5 46 47 48 49° 5. 15, 
Voc, SUPPLY VOLTAGE (V) 





50 51 #52 53 54 5.5 


(c) TYPICAL FREQUENCY VARIATIONS @ C;, = 50 pF, 3 kQ 


Figure 2. Typical Frequency Selection for 
Resistor/Capacitor Oscillator Options 


inputs or outputs under software control of the data di-. 


rection registers. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


There are 12 input/output pins. All pins of each port 
are programmable as inputs or outputs under the control 
of the data direction registers (DDR). 

The port I/O programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one for 
output, or a logic zero for input, as shown in Figure 3. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the I/O pins are LSTTL compatible as both inputs 
and outputs. In addition, both ports may use either or 
both of two manufacturing mask options; open drain out- 
put, or internal pull-up resistor for CMOS compatibility. 

Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. This can be 


used as a tool to initialize the data registers and avoid. 


undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor- 
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 

The 12 bidirectional lines may be configured by port 
to be the standard configuration (LSTTL), or either mask 
option; LSTTL/CMOS, or open drain. Port B outputs are 
LED compatible. 


Port Data Registers ($00, $01) 


The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 


Port A ($00) 
7 6 5 4 3 me 1 0 
cect ee Nes oe ey ee ee | 
Port B ($01) 


7 6 5 4 3 2 1 0 
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DATA 


DIRECTION REGISTER 
BIT 








2 LATCHED 

== OUTPUT 

cm DATA 

-=z 

22 BIT 

oO 

INPUT | 
REG 
BIT 

















DATA 
DIRECTION OUTPUT 
REGISTER DATA 
BIT BIT 


INPUT 
OUTPUT TO 
STATE MCU 
0 0 
1 1 
X HI-Z 


Voc 


[-—--- 


* 


ST eee acs 


r---- 


10 
PIN 






*For CMOS option transistor acts as resistor (approximately 40 kQ) to Vcc. 
For LSTTL/open-drain options transistor acts as low current clamping diode to Vcc. 


Figure 3. Typical I/O Port Circuitry 


With regard to Port A only, the four LSB bits are unused. 
These bits are “don’t care” (X) bits when written to but 
are always logic high when read. 


Port Data Direction Registers ($04, $05) 


Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
be an input or an output. A zero in the pin’s corresponding 
DDR bit programs it as an input; a logic one programs it 
as an output. On reset, all the DDRs are initialized to a 
logic zero state to put the ports in the input mode. 


Port A ($04) 

7 6 5 4 3 2 1 0 
ee ae ee oO ace) 10 
Port B ($05) 

7 6 o 4 3 2 1 0 


With regard to Port A, the four LSB bits are cleared 
(logic zero) by reset. These bits must not be set (logic 
one). 


MEMORY 


The MCU memory map (Figure 4) consists of 4352 bytes 
of addressable memory, I/O register locations, and four 
levels of stack space. This MCU has three separate mem- 
ory spaces: program space, data space, and stack space. 

The MCU is capable of addressing 4096 bytes of pro- 
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro- 
gram space memory includes self-check ROM, program 
ROM, self-check and user program vectors, and reserved 
memory locations. 

A non-accessible subroutine stack space RAM is pro- 
vided. This stack space consists of a last-in-first-out (LIFO) 
register. This register is used with inherent addressing 
to stack the return address for subroutines and interrupts. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad- 
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The operations allowed are 
increment, decrement, load, and store. Data space lo- 
cations $82 and $83 can be used for 8-bit counter loca- 
tions. 
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BYTES ADDRESS BYTES ADDRESS 








0000 $000 


RESERVED 
(2784 BYTES) 







2783 
2784 


$ADF 
$AEO 


SELF-CHECK ROM 
(304 BYTES) 


3087 
3088 


$COF 
-$C10 









RESERVED 
(496 BYTES) 


3583 
3584 


SDFF 
$E00 


PROGRAM ROM 
(504 BYTES) 









4087 SFI 
4088 SELF-CHECK $FFB 
4089 IRO VECTOR see9 
aoe SELF-CHECK SFFA 
4091 RESTART VECTOR SFFB 
4092 USER $FFC 
4093 TRO VECTOR SFFD 
4094 USER SFFE 
4095 RESTART VECTOR SFFF 


PROGRAM SPACE 


STACK SPACE 


| 


























$00 


PORT A DATA REGISTER 





001 PORT B DATA REGISTER } $01 
002 RESERVED $02 
003 (2 BYTES) $03 
004 PORT A DDR $04 
005 | PORT B DDR $05 
006 RESERVED $06 
008 (3 BYTES) $08 
009 TIMER STATUS CONT. REG. $09 


SOA 
$17 
$18 





RESERVED 
(14 BYTES) 


USER DATA SPACE ROM 
(72 BYTES) 
SOF 


$60 
$7F 
$80 










RESERVED 
(32 BYTES) 


INDIRECT REGISTER X 
INDIRECT REGISTER Y 


USER DATA SPACE RAM 
(30 BYTES) 


$81 
$82 
$9F 
$A0 





RESERVED 






(93 BYTES) 
252 SFC 


DATA SPACE 


Figure 4. Memory Map 
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REGISTERS 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 


o 


INDIRECT REGISTERS (X,Y) 


These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac- 
cessed with the direct, indirect, short direct, or bit set/ 
clear modes. 


~ 
| 
So 


J 
So 


| 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. The program 
counter is contained in low byte (PCL) and high nibble 
(PCH). 


"1 8 7 
| cH PCL 


FLAGS (C,Z) 


The first flag, the carry (C) bit, is set on acarry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. 


NORMAL FLAGS — fo l2z Tz | 
INTERRUPT FLAGS 
ee eae 


There are two sets of these flags. One set is for interrupt 
processing (interrupt mode flags). The other set is for 
normal operations (program mode flags). When an in- 
terrupt occurs, a context switch is made from the pro- 
gram flags to the interrupt flags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 


STACK 


A last-in-first-out (LIFO) stack is incorporated in the MCU 
that eliminates the need for a stack pointer. This non- 
accessible subroutine stack space is implemented in sep- 
arate RAM, 12 bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg- 
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 


SELF CHECK 


The MCU implements two forms of internal check: self 
check and ROM verify. Self check performs an extensive 
functional check of the MCU using a signature analysis 
technique. ROM verify uses a similar method to check 
the contents of program ROM. 

Self-check mode is selected by holding the MDS and 
PA7 pins logic high and the PAG pin logic low as RESET 
goes low to high. ROM verify mode is entered by holding 
MDS, PA7, and PA6 logic high as RESET* goes low to 
high. Unimplemented program space ROM locations are 
also tested. Monitoring the self-check mode’s stages for 
successful completion requires external circuitry, see 
M6804 MCU Manual (DLE404/D). 








RESET 


RESET 


All resets of the MC6804J1 are caused by the external 
reset input (RESET). A reset can be achieved by pulling 
the RESET pin to logic low for a minimum of 96 oscillator 
cycles. 

During reset, a delay of 96 oscillator cycles is needed 
before allowing the RESET input to go high. If power is 
being applied, RESET must be held low long enough for 
the oscillator to stabilize and then provide the 96 clocks. 
Connecting a capacitor and resistor to the RESET input, 
as shown in Figure 5 below, typically provides sufficient 
delay. 

















Figure 5. Powerup RESET Delay Circuit 
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INTERRUPT 


The MCU can be interrupted by applying a logic low 
signal to the IRQ pin. However, a manufacturing mask 
option determines whether the falling edge or the actual 
low level of the IRQ pin is sensed to indicate an interrupt. 


EDGE-SENSITIVE OPTION 


When the IRQ pin is pulled low, the internal interrupt 
request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 
6 contains a flowchart that illustrates both the reset and 
interrupt sequences. 


The interrupt sequence consists of one cycle during 
which: 


The interrupt request latch is cleared; 
The interrupt mode flags are selected; 
The program counter (PC) is saved on the stack; 
_ The interrupt mask is set; and | 
The IRO vector jump address is loaded into the PC. 


The IRQ vector jump address is $FFC-$FFD in the single- 
chip mode and $FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other EPROM program word. So, it is essential 





















0 — DDRs 
1—+ INTERRUPT MASK 
O--- INTERRUPT REQUEST 
LATCH (EDGE 
SENSITIVE OPTION) 
$FF—» TCR 
$00 —- TSCR 
SFF —+ PRESCALER 


FETCH 
INSTRUCTION 
EXECUTE 
INSTRUCTION 


WAS 

INSTRUCTION 

AN RTI 
?. 



















SELECT 
PROGRAM 
MODE 
FLAGS 











CLEAR 
INTERRUPT 


PUT SFFE MASK 


ON 
ADDRESS 
BUS 















SELECT 
PROGRAM 
MODE 
FLAGS 


RESET 
PIN 
LOW 


{) 


LOAD PROGRAM 
COUNTER FROM 
RESET VECTOR 


LOCATION 
SFFE/$ FFF 





INTERRUPT 
MASK 
SET? 


that the vector contents specify a JMP instruction in ad- 
dition to the starting address of the interrupt service rou- 
tine. If required, this routine should save the values of 
the accumulator and the X and Y registers, since these 
values are not stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur- 
ing RTI the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro- 
gram is then fetched and executed. 

When the interrupt was initially detected and the in- 
terrupt sequence started, the interrupt request latch was ~ 
cleared so that the next interrupt could be detected. These 
steps occurred even as the first interrupt was being serv- 
iced. However, even though the second interrupt edge 
set the interrupt request latch during the first interrupts 
processing, the second interrupt’s sequence can not be- 
gin until completion of the interrupt service routine for 
the first interrupt. Completion of an interrupt service rou- 
tine is always accomplished using an RTI instruction to 
return to the main program. The interrupt mask, which 
is not directly available to the programmer, is cleared 
during the last cycle of the RTI instruction. 


LEVEL-SENSITIVE OPTION 


Actual operation of the level-sensitive and edge-sen- 
sitive options are similar. However, the level-sensitive 
option does not have an interrupt request latch. Since 
there is no interrupt request latch, the logic level of the. 
IRQ. pin is checked to detect the interrupt. Also, in the 
interrupt sequence there is no need to clear the interrupt 
request latch. These differences are shown in Figure 6. 




















CHECK 
INTERRUPT 
REQUEST 
LATCH 
OUTPUT 











LEVE 
SENSITIVE N 
INTERRUPT 
OPTION ? 







CHECK LOGIC 
LEVEL OF 
iRO PIN 





















CLEAR 
INTERRUPT 
REQUEST 
LATCH 










SELECT 
INTERRUPT 
MODE 
FLAGS 





STACK 
PROGRAM 
COUNTER 
(PC) 


; SET 
INTERRUPT 
AASK 


LOAD PC 
FROM RO 
VECTOR 

(SFFCISFFD) 


Figure 6: Reset and Interrupt Flowchart 





MOTOROLA MICROPROCESSOR DATA 
3-284 





MC6804J1 


POWERUP AND TIMING 


During the powerup sequence, the interrupt mask is 
closed. This precludes any false interrupts. The PC is also 
loaded with the appropriate restart vector (jump instruc- 
tion). 

To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in- 
stead of an RTS. The RTI opens the interrupt mask. Typ- 
ical RESET and IRQ processes and their relationship to 
the interrupt mask are shown in Figure 7. 

Maximum interrupt response time is six machine cycles. 
This includes five cycles for the longest instruction plus 
one for stacking the PC and switching flags. 





JMP-START 
VECTOR (FFE-FFF) 


START (ROUTINE) 
INSTRUCTION (I-N) 


LAST INSTRUCTION 


JSR INIT 





PROGRAM 


1RO 
RECOGNIZED 


IRQ 
SERVICE 
ROUTINE 


LAST INSTRUCTION 


RTI 





TIMER 


A block diagram of the MC6804J1 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com- 
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 


PRESCALER 


The prescaler is a 7-bit counter used to extend the max- 
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 











PROGRAM 


INTERRUPT 
MASK 
CLOSED 
INIT 
INITIALIZATION 
SUBROUTINE 
LAST INSTRUCTION 
RTI 
MASK 
OPEN 
INTERRUPT 
MASK 
CLOSED 
MASK 
OPEN 


Figure 7. Interrupt Mask 
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Figure 8. Timer Block Diagram 
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to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-2°, to divide-by-27. 


TIMER COUNTER 


The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec- 
remented on rising clock edges. 


The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex- 
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 
time, the write takes precedence. TSCR bit one (TMZ) is 
not set until the next timer time out. 


TIMER PIN 


The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR bit 
5 (TOUT). This relationship is shown in the TIMER pin 
status section of Figure 8. The frequency of the internal 
clock applied to the TIMER pin must be less than tpyte, 
which is (fosc¢/48). 


TIMER INPUT MODE 


In the timer input mode, TOUT is logic zero and the 
TIMER pin is connected directly to prescaler input. So, 
the prescaler is clocked by the signal from the TIMER pin. 
The prescaler divides the TIMER pin clock input by the 
prescaler tap. The prescaler output then clocks the 8-bit 
timer count register. When this register is decremented 
to zero, it sets TSCR bit one (TMZ). This TMZ bit can be 
tested under program control. 


TIMER OUTPUT MODE 


In the output mode, the TIMER pin is output. TOUT is 
a logic one. The prescaler is clocked by the internal sync 
pulse. This pulse is a divide-by-48 of the internal oscillator 
(fos5c/48). From this point on, operation is similar to that 
described for the input mode. However, in the output 
mode, once the prescaler decrements the timer counter 
to zero, the high TMZ bit state is used to latch the data 
at TSCR bit 4 (DOUT), onto the TIMER pin. 


NOTE 


TMZ is normally set to logic one when TCR dec- 
rements to zero and the timer times out. However, 
it may be set by a write of $00 to the timer counter 
or by a write to bit 7 of TSCR. 


TIMER COUNT REGISTER ($FE) 


The timer count register reflects the current count in 
the internal 8-bit counter. The register is the timer counter 
and can be read or written. 


7 0 
MSB LSB 
RESET 


TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 


7 6 5 4 3 2 1 0 
tmz | — | rour | sour | si_| rse_| psi] ps | 


RESET: 
0 0 0 0 0 0 0 0 


TMZ — Timer Zero 
1= Timer count register has decremented to zero 
since the last time the TMZ bit was read. 
0= This bit is cleared by a read of the TSCR if TMZ 
is read as logic one. 
Bit 6 
Not used by this register. 


TOUT — Timer Output 
1= Output mode is selected for the timer. 
0= Input mode is selected for the timer. 


DOUT — Data Output 
Latched data at this bit is sent to the TIMER pin when 
both the TMZ and TOUT bits are logic high. 


PS! — Prescaler Initialization 
1=Prescaler begins to decrement. 
0=Prescaler is initialized and counting is inhibited. 


PSO-PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 





It is recommended that MVI or loading and storing 
instructions be used when changing bit values in the 
TSCR. Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 

During reset, the TSCR is set to all zeroes; the TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO- 
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 
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TIMER PRESCALER REGISTER ($FD) 


The timer prescaler register reflects the current count 
of the 7-bit prescaler. This register is the prescaler counter 
and can be read or written. 


6 0 
MSB LSB 
RESET: 


INSTRUCTION SET 


The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. 


scaition omeie, 
LDA 

Clear A 
Arithmetic Left Shift of A 
Rotate A Left and Carry 























READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 


value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 


| Funetion | Mnemonic _ 
Increment Memory Location 
















BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list of instructions. 


Branch if Carry Clear 







Branch if Not Equal 
Branch if Equal 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the 256 bytes of data space, where all port 
registers, port DDRs, timer, timer control, and on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within these 256 
locations. The bit set, bit clear, and bit test and branch 
functions are all implemented with a single instruction. 
For the test and branch instructions, the value of the bit 
tested is also placed in the carry bit of the condition code 
register. Refer to the following list of instructions. 






















CONTROL INSTRUCTIONS 


These instructions are used to control processor op- 
eration during program execution. The jump conditional 
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(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc- 
tions. 


Reon ne 
[No Operation SSN 














Jump to Subroutine 
Jump Unconditional 


IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are located in 
RAM, many implied instructions exist. Some of the instructions 
recognized and translated by the assembler are shown below: 


[Becomes | Mnemonic | Becomes 
AStA 
junk | wwise0 70 [Nop [sea tre) v1 
Incee | 


Some examples of valuable instructions not specifi- 
cally recognized by the assembler are shown below: 


ae ee 























BCLR 7,$FF 


OPCODE MAP 


Table 1 is a listing of all the instruction set opcodes 
applicable to the MC6804J1 MCU. 






ADDRESSING MODES 


The MCU has nine different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. It deals with objects in three dif- 
ferent address spaces: program space, data space, and 


stack space. The term “effective address” (EA) is used in 
describing the various addressing modes. Effective ad- 
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is lo- 
cated in program ROM. It is contained in the byte im- 
mediately following the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes of data space with a single two- 
byte instruction. 


SHORT DIRECT 


In the short direct addressing mode, the MCU has four 
locations in data space RAM it can use, ($80, $81, $82, 
and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct 
addressing is a subset of the direct addressing mode. 
The X and Y registers are at locations $80 and $81, re- 
spectively. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 


RELATIVE 


The relative addressing mode is only used in condi- 
tional branch instructions. In relative addressing, the con- 
tents of the 8-bit signed byte (the offset) following the 
opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 
—15to +16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that it is within the span of the branch. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ- 
ten to can be set or cleared with a single two-byte in- 
struction. 
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Table 1. Opcode Map 


Register/Memory, Control, and Bit Manipulation Register/Memory and 
Branch Instructions Read/Modify/Write instructions eto Rage! Modify Wine 
_ BRCLRO BCLRO 
BTB BSC RIND |} R-IND 
BCLR1 
BSC R IND R IND 
BCL.R2 “ADD ADD 
2 BSC RIND] R-iIND 0010: 
" BRCLAG BCLR3 
BTB BSC jt RIND] 1 an 
" BRCLAA BCLR4 CMP 
BIB BSC }1 R INO R IND 0100 
" BRCLAS BCLR5 AND AND 
BIB)2 BSC }1 RIND}? R-IND 
~ BACLAG BCLR6 
BSC } 1 RIND/ 1 R IND 


° BRCLRT BCLR7 
BTB BSC |! 


a0008 
Sya385) 


° BRSETO 
BTB 


" BRSETI are 
SDI 1 BTB]2 


" BRSET? | BSET2 
BSC 
" BRSETS | ale 
_-BRSETA BSET4 CMP 
BB BSC }2 DIR 
4 
STA ° BRSETS BSETS AND 
S >| 3 BTB BSC IMM DIR 
° BRSETE BSET6 
$013 BIB BSC 


1 
4 
STA 





Abbreviations for Address Modes ; LEGEND , 
INH Inherent 7 Indicates Instruction Reserved for Future Use 


S-D Short Direct # Indicates Illegal Instruction 
B-T-B Bit Test and Branch : 

IMM Immediate : 

DIR Direct Cycles 
EXT Extended Mnemonic 
REL Relative Bytes 
BSC Bit Set/Clear 
R-IND Register Indirect ————_————— Address Mode 


Opcode in Hexadecimal 


Opcode in Binary 
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CAUTION 


The corresponding DDRs for ports A and B are write 
only registers (registers at $04 and $05). A read 
operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, 
they cannot be used to set or clear a DDR bit; all 
“unaffected” bits would be set. Write all DDR bits 
in a port using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol- 
lowing the opcode byte. The third byte is sign extended 


the program to branch based on the condition of any 
readable bit in the 256 locations of data space. The span 
of branching is from —125 to +130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry flag. 


REGISTER-INDIRECT 


In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 


INHERENT 
In the inherent addressing mode, all the information 


to 12 bits and becomes the offset added to the PC if the 
condition is true. This single three-byte instruction allows 


necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 








Rating This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation it is recommended that Vin and Voyt be con- 
strained to the range Vss < (Vjn Or Vout) = Vcc. 
Reliability of operation is enhanced if unused in- 
puts except EXTAL are connected to an appro- 
priate logic voltage level (e.g., either Vss or Vcc). 


[ Symbol [Unit | 
-0.3t0+7.0 | Vv | 
| Vin | -03t0+70 | v_| 
| Ta | oto70 | c_ 
| Ta | -40t0 +85 | °C _| 
| Teta _| Eee 
JA 


Supply Voltage 
Input Voltage : 
Operating Temperature Range (Comm.) 


Operating Temperature Range (Ind.) 






Storage Temperature Range 


Tstq | —55 to +150 


V 
V 
a & 
"C 
“Cc 
Junction Temperature C 


THERMAL CHARACTERISTICS 


| Characteristic [Symbol | Value | ‘Unit 
Thermal Resistance °C/W 


POWER CONSIDERATIONS For most applications PpgrRtT<Pint and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat(Pp * 85a) (1) Pport is neglected) is: 
where: Pp =K=(Ty+273°C) (2) 
TA = Ambient Temperature, °C Solving equations (1) and (2) for K gives: 
OjA = Package Thermal Resistance, K=Pp * (Ta + 273°C) + 0yAsPD2 (3) 
Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. 
Pb = Pint+Pport . K can be determined from equation (3) by measuring Pp 
PINT =!cec*Vecc, Watts — Chip Internal Power (at equilibrium) for a known Ta. Using this value of K, 


PporRT = Port Power Dissipation, 


the values of Pp and Ty can be obtained by solving equa- 
Watts — User Determined 


tions (1) and (2) iteratively for any value of Ta. 
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ELECTRICAL CHARACTERISTICS 
(Vcc = +5.0 Vde+0.5 Vdc, Vgg = GND, Ta=0°C to 70°C, unless otherwise noted) 


pharactoristie | Sb 
[InputHigh Voltage | 
[Input Current (RG RESET) tin 



















—0.3 


| Min | Typ 
| = | 120 | 
oe eae 
cata ee 

Leet 


SWITCHING CHARACTERISTICS 
(Vcc = + 5.0 Vdc +0.5 Vde, Vgg = GND, Ta =0°C to 70°C, unless otherwise noted) 


ee 
[ie 
eal 
0364 | 
oh eS EPS re 
= 

aa 

= 











IRO and TIMER Pulse Width tWL: tWH 
RESET Pulse Width 
RESET Delay Time (External Capacitance = 1.0 wF) | true | 100 | 


Voc = 5.2 V 











TEST MMD6150 TEST MM06150 
POINT OR EQUIV. 4ko POINT OR EQUIV. 10 ko 
TEST bataalas 9 
40 pF MMO07000 30 pF (TOTAL) Boiee MMO7000 
(TOTAL) Ga EDU. * . (TOTAL) © OR EQUIV. 
Figure 9. LSTTL Equivalent Figure 10. CMOS Equivalent Figure 11. LSTTL Equivalent 
Test Load (Port B) Test Load (Ports A, B, C) _ Test Load (Ports A, C, 


and TIMER) 


(a) OSCILLATOR — 1-02 TIMING 


rg a ee a ae 
| (b) o1 — SYNC TIMING | 
SYNC | | | | 


Figure 12. Clock Generator Timing Diagram 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vcc= +5.0 Vde+0.5 Vdc, Vgg=GND, Ta =0°C to 70°C, unless otherwise noted) 


Characteristic | symbol | Min | Typ | Max | Unit 
Ports A and Timer (Standard) 


Vo 
Output High Voltage, IL_oaq= —50 pA VOH 


Output Low Voltage, ILgaq=0.4 mA 


Input High Voltage VIH Vcc 


Input Low Voltage VIL 
Hi-Z State Input Current ITSI 


Port A (Open Drain) 


Output Low Voltage, ILoaq=0.4 mA 


Input High Voltage 2.0 
VIL 


Input Low Voltage Lov | 
Hi-Z State Input Current ITSI 


Open Drain Leakage (Vout=Vcc) ILOD 


Port A (CMOS Drive) 
Output Low Voltage, ILoad = 9.4 mA (Sink) VOL 
Output High Voltage, I_Lopad= —10 pA VOH Vcc — 1.0 


OQ 
oO 


| 

£ 
a‘ 
So 

a es 
ia 


Output High Voltage, ILoaq= —50 pA 
Input High Voltage, ILoad = — 300 »A Max 


OQ 


< — < 
QO O 


OQ 


Input Low Voltage, ILoaq = — 300 pA Max 
Hi-Z State Input Current (Vjp =0.4 V to Vcc) 


< 
= 


> < 
4 = 
7 i 


— 300 


r 
> 


Port B (Standard) 
Output Low Voltage, ILoaq=1.0 mA 


ol 


Output Low Voltage,|| 9gq = 10 mA (Sink) 


< 
oO 
r= 


Output High Voltage, ILoag= — 100 pA 


< 
2) 
<= 


Input High Voltage ViH 
Input Low Voltage VIL 


ITsI 
Port B (Open Drain) 


Hi-Z State Input Current 


< 

oO 

aad 
PIR [s N | 
SClolw oO lw 
w 


Output Low Voltage, ILoaq=1.0 mA 

Output Low Voltage, IL oaq= 10 mA (Sink) 

Input High Voltage 2.0 Vcc 

Input Low Voltage -0.3 

Hi-Z State Input Current 

Open Drain Leakage (Voyt=Vcc) 
Port B (CMOS Drive) 

Output Low Voltage, ILgaq=1.0 mA VOL 


=|o 
ao] on 


= 
o1 


Output High Voltage, IL gad = 10 mA (Sink) VOL 


OH 
Output High Voltage, ILoad= — 100 pA O 


< 


Output High Voltage, ILoad = — 10 pA Vcc -— 1.0 


Input High Voltage, I_gad = —300 pA Max 


OQ 


W : 
S 
oO 


C 
Input Low Voltage, ILoag = — 300 pA Max 


Hi-Z State Input Current (Vjpj =0.4 V to Vcc) ITSI 
Ports A and B (Low Current Clamping Diode*) 


<|<(|¢ 
mr jx ma 


> 


vy 


Input High Current Vijy=Vcc+1.0 V 100 


= 
> 


= 
= 
a 


Input Low Current Vj, =0.8 V 
*Denotes not tested unless specified on ordering form. 
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a aod 
no Oo w& 


lop. LOW-LEVEL OUTPUT CURRENT (mA) 
N 
So 





“0 100 200 300 400 . 500 600 700 800 
Op. LOW-LEVEL OUTPUT VOLTAGE (mV) 


<— 


X = SPEC PT. 


Figure 13. Typical Vo vs IOL 
for Port A and TIMER 


Igy, HIGH-LEVEL OUTPUT CURRENT (yA) 





Von. HIGH-LEVEL OUTPUT VOLTAGE (V) 


X= SPEC PT. 


Figure 15. Typical Voy vs IOH 
for Port A with CMOS Pullups 





CCE 
avom FTP TT 
ryt tle deol 







— 300 


Io. HIGH-LEVEL OUTPUT CURRENT (uA) 
xs 
S 


~ — 400 


2.0 2.5 3.0 3.5 4.0 45 


Von. HIGH-LEVEL OUTPUT VOLTAGE (V) 


5.0 


X= SPEC PT. 


Figure 17. Typical VoH vs Ion for Port B 


Igy, HIGH-LEVEL OUTPUT CURRENT (pA) 


low. HIGH-LEVEL OUTPUT CURRENT (uA) 





Figure 14. Typical VOH vs IOH 
for Port A and TIMER 


—_ 


f 





Io, LOW-LEVEL OUTPUT CURRENT (mA) 
oO a tO WwW fF oT DN CO OO C 


0 100 200 300 400 500 
Voz, LOW-LEVEL OUTPUT VOLTAGE (mV) 
X= SPEC PT. 


Figure 16. Typical Vo vs lot for Port B 





35 =: 4.0 4. 
Vou, HIGH-LEVEL OUTPUT VOLTAGE (V) 


Figure 18. Typical Voy vs loH 
for Port B with CMOS Pullups 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola using the following media: 

MDOS®, disk file 
MS®-DOS/PC-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS or MS-DOS/PC- 
DOS disk file) may be submitted for pattern generation. 
They should be programmed with the customer program, 
using positive logic sense for address and data. The dis- 
kette should be clearly labeled with the customer's name, 
date, project or product name, and the filename contain- 
ing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS systern files in addition 
to the pattern file. 

The .LO output of the M6804 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M6804 memory. It is necessary to include 
the entire memory image of both program and data space. 
All unused bytes, including those in the user space, must 
be set to logic zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 

is IBM®’s Personal Computer Disk Operating System. Disk 
media submitted must be standard density (360K), dou- 
ble-sided 5 1/4 inch compatible floppy diskette. The dis- 
/kette must contain the object file code in Motorola’s S- 
record format. The S-record format is a character-based 
object file format generated by M6804 cross assemblers 
and linkers on IBM PC style machines. 


EPROMS 


Four K of EPROM are necessary to contain the entire 
MC6804J1 program. Two 2516 or 2716 type EPROMs or 
a single 2532 or 2732 type EPROM can be submitted for 
pattern generation. The EPROM is programmed with the 
customer program using positive logic sense for address 
and data. Submissions on two EPROMs must be clearly 
marked. All unused bytes, including the user’s space, 
must be set to zero. 

If the MC6804J1 MCU ROM pattern is submitted on 
one 2532 or 2732 EPROM, or on two 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F 
and program space ROM runs from EPROM address $E00 
to $FF7, with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 


Verification Media 


All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM Verification Units (RVUs) 


Ten MCUs containing the customers ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 


Ordering Information 


The following table provides generic information per- 
taining to the package type and temperature for the 
MC6804J1. This MCU device is available in the 20-pin 
dual-in-line (DIP) package. 





Generic Information 
Package Type Temperature Order Number 


Plastic 0°C to 70°C MC6804J1P 
—40°C to + 85°C | MC6804J1CP 









(P Suffix) 





MDOS is a trademark of Motorola Inc. 

MS-DOS is a trademark of Microsoft, Inc. 

EXORciser is a registered trademark of Motorola Inc. 

IBM is a registered trademark of International Business Machines Corporation. 
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Technical Summary 
8-Bit Microcomputer Unit 


MC6804J2 HMOS (high-density NMOS) microcomputer unit (MCU) is a member of the M6804 
Family of serial processing microcomputers. This device displays all the versatility of an MCU 
whose design-ability to process 8-bit variables one bit at a time already makes it tremendously cost 
effective. 

This technical summary contains limited information on the MC6804JZ. For detailed information, 
refer to the advanced information data sheet for the MC6804J1, MC6804J2, MC6804P2, and 
MC68704P2 8-bit microcomputers (MC6804J1/D) or to the M6804 MCU Manual (DLE404/D). 

Major hardware and software features of the MC6804J2 MCU are: 


@ On-Chip Clock Generator @ True Bit Manipulation 

@ Memory Mapped I/O e@ Bit Test and Branch Instruction 

@ Software Programmable 8-Bit Timer with @ 304 Bytes Self-Check ROM 
7-Bit Prescaler @ Conditional Branches 

@ Single Instruction Memory Examine/ @ Timer Pin is Software Programmable as 
Change Clock Input or Timer Output 

@ 30 Bytes of Data RAM @ 1000 Bytes of User Program Space ROM 


User Selectable Output Drive Options, LSTTL, LSTTL/CMOS, and Open-Drain Interface Ports 
@ Mask Selectable Edge- or Level-Sensitive Interrupt Pin 





BLOCK DIAGRAM 


; XTAL = EXTAL RESET MODS IRO 
TIMER PRESCALER tee 


TIMER/STATUS 
CONTROL REGISTER ere 
CPU 
CONTROL 
7 PBO 












ACCUMULATOR 
A 
X 


INDIRECT 
REGISTER 















PA4 
PORT | INDIRECT PBI 
a PORT | DATA REGISTER PR PORT 
110 A | om. DATA | PORT ona A 
LINES PAG REG. REG. stay DIR. B pB4 I/O 
aca Neat PB5 LINES 
a [ PROGRAM | | | paar te 
COUNTER 
1000 x 8 PROGRAM DATA RAM 
USER PROGRAM ROM COUNTER 
304 x 8 LOW PCL | 72x8 
SELF-CHECK ROM | DATA ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vcc is +5 volts (+0.5 V) power, and Vs¢ is 
ground. . | 


IRQ 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the microcomputer. 


EXTAL AND XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man- 
ufacturing mask option. The different clock generator op- 
tions are shown in Figure 1, along with crystal 
specifications. 


internal Clock Options 


The crystal oscillator start-up time is a function of many 


variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex- 
ceed recommendations. When using the on-board oscil- 
lator, the MCU should remain in a reset condition, with 
the RESET pin voltage below VipEs +, until the oscillator 
has stabilized at its operating frequency. See Figure 2 for 
resistor/capacitor oscillator options. 










NC 
EXTERNAL 
CLOCK 
INPUT 


EXTAL 


EXTERNAL CLOCK 


(a) 
CRYSTAL PARAMETERS Cy 


EXTAL 4 XTAL 5 


CRYSTAL PARAMETERS 
AT — CUT PARALLEL RESONANCE CRYSTAL 
Cg =7 pF MAXIMUM 
FREQ. = 11 MHz 
Rg = 50 OHMS MAXIMUM 


PIEZOELECTRIC CERAMIC RESONATORS MAY BE 
SUBSTITUTED FOR THE CRYSTAL. FOLLOW 
MANUFACTURER'S CERAMIC RESONATOR 
SPECIFICATIONS. 


NOTE: Keep crystal leads and circuit connections as short as possible. 







XTAL (CRYSTAL MASK 
OPTION) 


TIMER 


The TIMER pin can be configured to operate in either 
the input or output mode. As input, this pin is connected 
to the prescaler input and serves as the timer clock. As 
output, the timer pin reflects the contents of the DOUT 
bit of the timer status/control register, the last time the 
TMZ bit was logic high. 


RESET . 


The RESET pin is used to restart the processor to the 
beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 
jump instruction to the first instruction of the main pro- 
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MCU. 





MDS 


The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or EPROM program- 
ming. However, if MDS is logic low at the end of the reset 
state, the single-chip operating mode is automatically 
selected. No external diodes, switches, transistors, etc. 
are required for single-chip mode selection. 


INPUT/OUTPUT LINES (PA4-PA7, PBO-PB7) 


These 12 lines are arranged into one 4-bit port (A) and 
one 8-bit port (B). All lines are programmable as either 












EXTAL 






XTAL 
MCU 


(RESISTOR-CAPACITOR MASK 
OPTION} 


(* DENOTES NC/GND. GROUNDING 
PIN 4 WILL REDUCE RFI NOISE.) 


EXTERNAL RESISTOR-CAPACITOR 










MCU 
EXTAL (CRYSTAL MASK 
OPTION) 


CRYSTAL 


Figure 1. Clock Generator Options and Crystal Parameters 


MOTOROLA MICROPROCESSOR DATA 


3-298 





MC6804J2 


oummme 15 pF AT 25°C 
oem mm 22 pF AT 25°C 

27 pF AT 25°C 
ome em 36 pF AT 25°C 
secscescese 50) pF AT 25°C 


f, FREQUENCY (MHz) 





2 4 6 8 10 12 14 16 18 
Ry, LOAD RESISTANCE (kQ) 


(a) TYPICAL FREQUENCY VS RESISTANCE 











f, FREQUENCY (MHz) 








49 50 51 52 
Vcc. SUPPLY VOLTAGE (V) 


(b) TYPICAL FREQUENCY VARIATIONS @ C; = 15 pF, 10 kQ 














f, FREQUENCY (MHz) 


48 49 5. 
Vcc. SUPPLY VOLTAGE (Vv) 





9 


5.0 51 5.2 


(c) TYPICAL FREQUENCY VARIATIONS @ C; = 50 pF, 3 kQ 


Figure 2. Typical Frequency Selection for 
Resistor/Capacitor Oscillator Options 


inputs or outputs under software control of the data di- 
rection registers. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


There are 12 input/output pins. All pins of each port 
are programmable as inputs or outputs under the control 
of the data direction registers (DDR). 

The port I/O programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one for 
output, or a logic zero for input, as shown in Figure 3. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the I/O pins are LSTTL compatible as both inputs 
and outputs. In addition, both ports may use either or 
both of two manufacturing mask options; open drain out- 
put, or internal pull-up resistor for CMOS compatibility. 

Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. This can be 


used as a tool to initialize the data registers and avoid 
undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor- 
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 

The 12 bidirectional lines may be configured by port 
to be the standard configuration (LSTTL), or either mask 
option; LSTTL/CMOS, or open drain. Port B outputs are 
LED compatible. 


Port Data Registers ($00, $01) 


The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 


Port A ($00) 

7 6 5 4 3 2 1 0 
a re ae PSE Sea aes 
Port B ($01) 

7 6 5 4 3 2 1 0 
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DATA 
DIRECTION REGISTER 
BIT 


LATCHED 
OUTPUT 
DATA 
BIT 


INTERNAL 
CONNECTIONS 


DATA 
DIRECTION OUTPUT 
REGISTER DATA 








*For CMOS option transistor acts as resistor (approximately 40 kQ) to Vcc. 
For LSTTL/open-drain options transistor acts as low current clamping diode to Vcc. 


Figure 3. Typical I/O Port Circuitry 


_ With regard to Port A only, the four LSB bits are unused. 
These bits are “don’t care” (X) bits when written to but 
are always logic high when read. 


Port Data Direction Registers ($04, $05) 


Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
be an input or an output. A zero in the pin’s corresponding 
DDR bit programs it as an input; a logic one programs it 
as an output. On reset, all the DDRs are initialized to a 
logic zero state to put the ports in the input mode. 


Port A ($04) 

7 6 5 4 3 2 1 0 
i ee a ae ee es ee 
Port B ($05) 

7 6 5 4 3 2 1 0 


With regard to Port A only, the four LSB bits are cleared 
(logic zero) by reset. These bits must not be set (logic 
one). ) 


MEMORY 


The MCU memory map (Figure 4) consists of 4352 bytes 
of addressable memory, I/O register locations, and four 
levels of stack space. This MCU has three separate mem- 
ory spaces: program space, data space, and stack space. 

The MCU is capable of addressing 4096 bytes of pro- 
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro- 
gram space memory includes self-check ROM, program 
ROM, self-check and user program vectors, and reserved 
memory locations. . 

A non-accessible subroutine stack space RAM is pro- 
vided. This stack space consists of a last-in-first-out (LIFO) 
register. This register is used with inherent addressing 
to stack the return address for subroutines. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad- 
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single-byte opcodes. The operations allowed are in- 
crement, decrement, load, and store. Data space loca- 
tions $82 and $83 can be used for 8-bit counter locations. 
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BYTES ADDRESS BYTES ADDRESS 


(2 BYTES) 
(3 BYTES) 


RESERVED 
(14 BYTES) 


0000 $000 000 





$00 






$01 
$02 
$03 
$04 





RESERVED 003 
(2784 BYTES} 









$05 
$06 
$08 
$09 
SOA 


$17 
$18 





2783 
2784 


SADF 
$AEO 













SELF-CHECK ROM 
(304 BYTES) 






USER DATA SPACE ROM 
(72 BYTES) 


3087 
3088 


$COF 


$C10 $5 


$60 







RESERVED 
(32 BYTES) 






127 $7F 
PROGRAM ROM 128 INDIRECT REGISTER X $80 
(1000 BYTES) 129 INDIRECT REGISTER Y $81 










USER DATA SPACE RAM ate 


(30 BYTES) 








SOF 


SFF7 160 $A0 
$FF8 


SFF9 252 


4087 
4088 
4089 





RESERVED 
(93 BYTES) 







SELF-CHECK 
IRQ VECTOR 


SFC 









4091 RESTART VECTOR $FFB 
4092 USER SFFC em os 
4095 RESTART VECTOR sez: DATA SPACE 





PROGRAM SPACE 


STACK SPACE 


Te 


(LIFO) 






Figure 4. Memory Map 
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REGISTERS 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 


fom] 


INDIRECT REGISTERS (X,Y) 


These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 


the register-indirect addressing mode and can be ac-. 


cessed with the direct, indirect, short direct, or bit set/ 
clear modes. 
7 


| 
So 


~— 
So 


| 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. The program 
counter is contained in low byte (PCL) and high nibble 
(PCH). 


11 8 7 0 
PCH PCL 


FLAGS (C,Z) 


The first flag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. 


NORMAL FLAGS | | eZ. 2 
INTERRUPT FLAGS Ae 


There are two sets of these flags. One set is for interrupt 
processing (interrupt mode flags). The other set is for 
normal operations (program mode flags). When an in- 
terrupt occurs, a context switch is made from the pro- 
gram flags to the interrupt flags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 


STACK 


A last-in-first-out (LIFO) stack is incorporated in the MCU 
that eliminates the need for a stack pointer. This non- 
accessible subroutine stack space is implemented in sep- 
arate RAM, 12 bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg- 
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 


SELF CHECK 


The MCU implements two forms of internal check: self 
check and ROM verify. Self check performs an extensive 
functional check of the MCU using a signature analysis 
technique: ROM verify uses a similar method to check 
the contents of program ROM. 

Self-check mode is selected by holding the MDS and 
PA7 pins logic high and the PA6 pin logic low as RESET 
goes low to high. ROM verify mode is entered by holding 
MDS, PA7, and PA6 logic high as RESET goes low to 
high. Unimplemented program space ROM locations are 
also tested. Monitoring the self-check mode’s stages for 
successful completion requires external circuitry, see 
M6804 MCU Manual (DLE404/D). 








RESET 


RESET 


All resets of the MC6804J2 are caused by the external 
reset input (RESET). A reset can be achieved by pulling 
the RESET pin to logic low for a minimum of 96 oscillator 
cycles. . 

During reset, a delay of 96 oscillator cycles is needed 
before allowing the RESET input to go high. If power is 
being applied, RESET must be held low long enough for 
the oscillator to stabilize and then provide the 96 clocks. 
Connecting a capacitor and resistor to the RESET input, 
as shown in Figure 5 below, typically provides sufficient 
delay. 




















Figure 5. Powerup RESET Delay Circuit 
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INTERRUPT 


The MCU can be interrupted by applying a logic low 
signal to the IRQ pin. However, a manufacturing mask 
option determines whether the falling edge or the actual 
low level of the IRQ pin is sensed to indicate an interrupt. 


EDGE-SENSITIVE OPTION 


When the IRQ pin is pulled low, the internal interrupt 
request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 
6 contains a flowchart that illustrates both the reset and 
interrupt sequences. 

The interrupt sequence consists of one cycle during 
which: 


The interrupt request latch is cleared; 

The interrupt mode flags are selected; 

The program counter (PC) is saved on the stack; 
The interrupt mask is set; and 

The IRQ vector jump address is loaded into the PC. 


The IRQ vector jump address is $FFC-$FFD in the single- 
chip mode and $FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other EPROM program word. So, it is essential 


RESET 





















0—+ ODRs 
1 —+ INTERRUPT MASK 
0 — INTERRUPT REQUEST 
LATCH (EDGE 
SENSITIVE OPTION) 
SFF—+ TCR 
$00 —- TSCR 
$FF — PRESCALER 


FETCH 
INSTRUCTION 
EXECUTE 
INSTRUCTION 


WAS 
INSTRUCTION 
AN RTI 

? 
























SELECT 
PROGRAM 
MODE 
FLAGS 






CLEAR 
INTERRUPT 


PUT $FFE MASK 


ON 
ADDRESS 
BUS 






SELECT 
PROGRAM 
MODE 
FLAGS 


RESET 
PIN 
LOW 


: 


LOAD PROGRAM 
COUNTER FROM 
RESET VECTOR 


LOCATION 
SFFE/SFFF 





that the vector contents specify a JMP instruction in ad- 
dition to the starting address of the interrupt service rou- 
tine. If required, this routine should save the values of 
the accumulator and the X and Y registers, since these 
values are not stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur- 
ing RTI the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro- 
gram is then fetched and executed. 

When the interrupt was initially detected and the in- 
terrupt sequence started, the interrupt request latch was 
cleared so that the next interrupt could be detected. These 
steps occurred even as the first interrupt was being serv- 
iced. However, even though the second interrupt edge 
set the interrupt request latch during the first interrupt’s 
processing, the second interrupt’s sequence can not be- 
gin until completion of the interrupt service routine for 
the first interrupt. Completion of an interrupt service rou- 
tine is always accomplished using an RTI instruction to 
return to the main program. The interrupt mask, which 
is not directly available to the programmer, is cleared 
during the last cycle of the RTI instruction. 


LEVEL-SENSITIVE OPTION 


Actual operation of the level-sensitive and edge-sen- 
sitive options are similar. However, the level-sensitive 
option does not have an interrupt request latch. Since 
there is no interrupt request latch, the logic level of the 
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Figure 6. Reset and Interrupt Flowchart 
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IRQ pin is checked to detect the interrupt. Also, in the 
interrupt sequence there is no need to clear the interrupt 
request latch. These differences are shown in Figure 6. 


POWERUP AND TIMING 


During the powerup sequence, the interrupt mask is 
closed. This precludes any false interrupts. The PC is also 
loaded with the appropriate restart vector (jump instruc- 
tion). : 


To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in- 
stead of an RTS. The RTI opens the interrupt mask. Typ- 
ical RESET and IRQ processes and their relationship to 
the interrupt mask are shown in Figure 7. 





JMP-START 
VECTOR (FFE-FFF) 


START (ROUTINE) 
INSTRUCTION (I-N) 











Maximum interrupt response time is six machine cycles. 
This includes five cycles for the longest instruction plus 
one for stacking the PC and switching flags. 


TIMER 


A block diagram of the MC6804J2 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com- 
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 


PRESCALER 
The prescaler is a 7-bit counter used to extend the max- 
imum interval of the overall timer. This counter is clocked 





INTERRUPT 
MASK 
LAST INSTRUCTION CLOSED 
JSR INIT 
INIT 
INITIALIZATION 
SUBROUTINE 
LAST INSTRUCTION 
RTI 
PROGRAM WAS 
OPEN 
iRO 
RECOGNIZED 
IRO 
SERVICE 
ROUTINE INTERRUPT 
MASK 
CLOSED 
LAST INSTRUCTION 
RTI 
PROGRAM 
. MASK 
Figure 7. Interrupt Mask OPEN 
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TIMER PIN INPUT MODE 
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READ WRITE 









TIMER COUNT REGISTER 
(TCR) 





Figure 8. Timer Block Diagram 
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by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 


The value of this tap is selected by three bits of the TSCR 


(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-2°, to divide-by-27. 


TIMER COUNTER 


The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec- 
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex- 
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 
time, the write takes precedence. TSCR bit one (TMZ) is 
not set until the next timer time out. 


TIMER PIN 


The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR bit 
5 (TOUT). This relationship is shown in the TIMER pin 
status section of Figure 8. The frequency of the internal 
clock applied to the TIMER pin must be less than tbyte, 
which is (fosc/48). 


TIMER INPUT MODE 


In the timer input mode, TOUT is logic zero and the 
TIMER pin is connected directly to prescaler input. So, 
the prescaler is clocked by the signal from the TIMER pin. 
The prescaler divides the TIMER pin clock input by the 
prescaler tap. The prescaler output then clocks the 8-bit 
timer count register. When this register is decremented 
to zero, it sets TSCR bit one (TMZ). This TMZ bit can be 
tested under program control to tell when the counter 
register has reached zero. 


TIMER OUTPUT MODE 


In the output mode, the TIMER pin is output. TOUT is 
a logic one. The prescaler is clocked by the internal sync 
pulse. This pulse is a divide-by-48 of the internal oscillator 
(fosc/48). From this point on, operation is similar to that 
described for the input mode. However, in the output 
mode, once the prescaler decrements the timer counter 
to zero, the high TMZ bit state allows TSCR bit 4 (DOUT) 
to become direct input to the TIMER pin. 


NOTE 


TMZ is normally set to logic one when TCR dec- 
rements to zero and the timer times out. However, 
it may be set by a write of $00 to TCR or by a write 
to bit 7 of TSCR. 


TIMER COUNT REGISTER ($FE) 


The timer count register reflects the current count in 
the internal 8-bit counter. The register is the timer counter 
and can be read or written. 


7 0 
MSB LSB 
RESET: 


1 1 1 1 1 1 1 


TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 


7 6 5 4 3 2 1 0 
tz | — | rout | oour| si | sz | psi | pso_ 


RESET: 
0. 0. 0 
TMZ — Timer Zero 
1=Timer count register has decremented to zero 
since the last time the TMZ bit was read. 
0=This bit is cleared by a read of the TSCR if TMZ 
is read as logic one. 


0 0 0 0 0 


Bit 6 
Not used by this register. 
TOUT — Timer Output 
1 = Output mode is selected for the timer. 
0=Input mode is selected for the timer. 
DOUT — Data Output 
Latched data at this bit is sent to the TIMER pin when 
___ both the TMZ and TOUT bits are logic high. 
PSI — Prescaler Initialization 
1=Prescaler begins to decrement. 
0 =Prescaler is initialized and counting is inhibited. 
PSO-PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 





It is recommended that MVI or loading and storing 
instructions be used when changing bit values in the 
TSCR. Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 

' During reset, the TSCR is set to all zeroes; the TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO- 
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 


TIMER PRESCALER REGISTER ($FD) 

The timer prescaler register reflects the current count 
of the 7-bit prescaler. This register is the prescaler counter 
and can be read or written. 


6 0 
MSB LSB 


RESET: 
1 


MOTOROLA MICROPROCESSOR DATA 


3-306 





MC6804J2 


INSTRUCTION SET 


The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. 


TT reraion Yeni 
Beet os. | 
[AND MomorywoA aN 
Tonstrtoxp «dt 
TransterAteyP «tay 

vo 

=o 

























SUB 
AND 
TAX 
TAY 
TYA 
TPA 





READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 


value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 








Increment Memory Location 
Increment A 
Increment YP 














DECX 
Decrement YP | DECY 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list of instructions. 


Branch if Carry Clear 


c 
Branch if Higher or Same (BHS) - 
|BranchifCarrySet |S 






Branch if Carry Set 


Branch if Lower (BLO) 
Branch if Not Equal | BNE 
Branch if Equal 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the 256 bytes of data space, where all port 
registers, port DDRs, timer, timer control, and on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within these 256 
locations. The bit set, bit clear, and bit test and branch 
functions are all implemented with a single instruction. 
For the test and branch instructions, the value of the bit 
tested is also placed in the carry bit of the condition code 
register. Refer to the following list of instructions. 


|____Funetion | Mnemonic 





CONTROL INSTRUCTIONS 


These instructions are used to control processor op- 
eration during program execution. The jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc- 
tions. 


Return from Subroutine 
Return from Interrupt 


R 
R 
J 


No Operation | NOP 


TS 
Tl 
Jump to Subroutine SR 
Jump Unconditional 
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IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are lo- 
cated in RAM, many implied instructions exist. Some of 
the instructions recognized and translated by the assem- 
bler are shown below: 


(ieee eo nee 
funk |wviseovo [nor [80 ec) +1 
TYA 
ae 























DEC $81 LDA $81 
NG SF — 


Some examples of valuable instructions not specifi- 
cally recognized by the assembler are shown below: 


[Meaning 


OPCODE MAP 









Table 1 is a listing of all the instruction set opcodes 
applicable to the MC6804J2 MCU. 


ADDRESSING MODES 


The MCU has nine different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. It deals with objects in three dif- 
ferent address spaces: program space, data space, and 
stack space. The term “effective address” (EA) is used in 
describing the various addressing modes. Effective ad- 
dress is defined as the address from which the argument 
for an instruction is fetched or stored. . 


IMMEDIATE 


In the immediate addressing mode, the operand is lo- 
cated in program ROM. It is contained in the byte im- 
mediately following the opcode. The immediate 
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addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes of data space with a single two- 
byte instruction. 


SHORT DIRECT 


In the short direct addressing mode, the MCU has four 
locations in data space RAM it can use, ($80, $81, $82, 
and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct 
addressing is a subset of the direct addressing mode. 
The X and Y registers are at locations $80 and $81, re- 
spectively. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 


the opcode to form a 12-bit address. Instructions using 


the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 


RELATIVE 


The relative addressing mode is only used in condi- 
tional branch instructions. In relative addressing, the con- 
tents of the 8-bit signed byte (the offset) following the 
opcode is added to the PC if, and only if, the branch. 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 
—15to +16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 


_assembler, since it calculates the proper offset and checks 


to see that it is within the span of the branch. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ- 
ten to can be set or cleared with a single two-byte in- 
struction. . 


CAUTION 


The corresponding DDRs for ports A and B are write 
only registers (registers at $04 and $05). A read 
operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, 
they cannot be used to set or clear a DDR bit; all 
“unaffected” bits would be set. Write all DDR bits 
in a port using a single-store instruction. 
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Table 1. Opcode Map 


Register/Memory, Control, and Bit Manipulatior Register: Memory and 
Branch Instructions Read/ Modify! Write Instructions Instructions Read Modify Write 
3 ] 4 7 


7 8 5 A B C 0 E E 
ool o100 aS 1900 1001 1010 1011 +100 Te G sts 
5 —__—_+ —_——+ 
4 4 4 5 4 14 4 
BCS JSRn JMPn . MVI BRCLRO BCL.RO LDA DA 0 
EXT 3 MAM | B7B]2 asc]: R NO RIND oooc 
T 
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L 
STA 1 
R IND 0001 
4 
ADD 2 
: RIND 0010 
1s 4 
BRCLR3 SUB 3 
INH | 3 8° Bi; 2 BSC j}- : 4 R IND oo! 
5 4 4 
COMA BRCLR4 BCLR4 CMP 4 
INH | 3 BtBi2 1 RIND 


5 
° ROLA BRCLR5 
: 3 B78 

























































JMPn 










5 
BRCLR7 
EXT 3 B1TB ‘ RIND {1 R IND oii 


4 4 4 

JMPn DEC LDA 8 
2 xT sol sp]3 BT B}2 2 MM | 2 DIR 1000 
2 x 
4 






















4 
INC 
E } 
4 4 4 4 5 
BCS JSRn JMPn INC DEC BRSET1 A 
REL | 2 EXT EXT]? SO}! SD]3 BTBI]2 BSC 2 OIR 
5 4 4 
BRSET2 ADD ADD A 
EXT | 2 EXT}? SD] 1 SD]3 8TB/2 2 IMM } 2 DIR 1010 
5 4 
BRSET3 SUB SUB 
IMM | 2 DIR 




























































2 EXT] 3 SD] 1 SD1}3 818 
5 4 
BRSET4 CMP CMP C 
3 BIB 2 iMM OIR 1100 
4 4 
BRSET5 BSET5 AND AND D 
EXT] 2 B1TB]2 BSC |2 IMM | 2 DIR 1101 
4 4 4 5 4 4 
JMPn LDA STA BRSET6 BSET6 # iNC E 
? EXT) 3 SD] 1 SO}3 BT BI 2 BSC 2 DIR 1110 
4 te 4 15 4 4 
rs JMPn LDA STA BRSET7 BSET7 # DEC F 
rer 1 Rew | 1 REx | 1 RELI 1 2 EXT] 1 SD] ° $O}3 Br BI2 BSC 2 DIR wi 
Abbreviations for Address Modes LEGEND 
INH Inherent f Indicates Instruction Reserved for Future Use 
S-D Short Direct 4 Indicates Illegal Instruction 


Opcode in Hexadecimal 





B-T-B Bit Test and Branch 
IMM ~~ Immediate 


DIR Direct evEIeS Opcode in Bina 
EXT Extended Mnemonic P ry 
REL Relative Bytes 





BSC Bit Set/Clear 
R-IND Register Indirect ———_____——— Address Mode 
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BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol- 
lowing the opcode byte. The third byte is sign extended 
to twelve bits and becomes the offset added to the PC if 
the condition is true. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the 256 locations of data space. The 
span of branching is from — 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry flag. 


REGISTER-INDIRECT 


In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 





Rating 
Supply Voltage 
Input Voltage 


Operating Temperature Range (Comm.) 
Operating Temperature Range (Ind.) 


Storage Temperature Range 


Junction Temperature 





CC 
Vin 
TA 
TA 
Ty 
THERMAL CHARACTERISTICS 
8JA 
POWER CONSIDERATIONS 


The average chip-junction temperature, Tj, in °C can 
be obtained from: 


Ty=Tat(Pp° 8a) (1) 
where: 
Ta = Ambient Temperature, °C 
BJA = Package Thermal Resistance, 
_  Junction-to-Ambient, °C/W 
PD = Pint+PporT 
Pint =!cc<Vcc, Watts — Chip Internal Power 


PportT = Port Power Dissipation, 
Watts — User Determined 


[Symbol] Value | Unit _| 
| vec | -03t0+70 | v_| 
| Vin | -03t0+70 | Vv _| 
ree ee 
| Ta | -aoto +85 | °c _ | 
Tstg | -55t0 +150 | °C _| 
ee ee 


V V 
V 
°C 
°C 
°C 
°C 
| Characteristic | Symbol] Value | Unit_| 


This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation it is recommended that Vjn and Voyt be con- 
strained to the range Vss < (Vjn or Vout) < Vcc. 
Reliability of operation is enhanced if unused in- 
puts except EXTAL are connected to an appro- 
priate logic voltage level (e.g., either Vss or Vcc). 





For most applications PportT<Piyjt and can be ne- 
glected. PPOoRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 


Pp=K+ (Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp * (Ta + 273°C) + BJ AsPD2 (3) 


where K is a constant pertaining to the particular part. 
K can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ta. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty. 
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ELECTRICAL CHARACTERISTICS 
(Vcc= +5.0 Vde+0.5 Vde, Vgg = GND, Ta=0°C to 70°C, unless otherwise noted) 


trate et 
input igh Vote 
‘input Low Velage SS 
ee 
aes 












Input Capacitance 
Input Current (IRO, RESET) 


SWITCHING CHARACTERISTICS 
(Vcc= + 5.0 Vde 0.5 Vdc, Vgg = GND, Ta=0°C to 70°C, unless otherwise noted) 


Characteristic | Symbol | Min | T 
2 eee i ee 
RESET Delay Time (External Capacitance=1.0uF) | tn | 100 _| 






















TEST MM06 150 
POINT OR EQUIV. 


MMD6150 
OR EQUIV. 


TEST 
10 kQ 


: I TEST POINT 
40 pf MM07000 il 30 pF (TOTAL) ee MM07000 
:TOTAL) OR EQUIV. | (TOTAL OR EQUIV. 
Figure 9. LSTTL Equivalent Figure 10. CMOS Equivalent Figure 11. LSTTL Equivalent 
Test Load (Port B) Test Load (Ports A, B, C) Test Load (Ports A, C, 


and TIMER) 


(a) OSCILLATOR — o1-02 TIMING 


ee 
es a ee ee 


(b) 1 — SYNC TIMING 


*“fLILIL LU LLIL LULU LLU LIL 
sc] [ 


Figure 12. Clock Generator Timing Diagram 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vcc= + 5.0 Vde+0.5 Vdc, Vgg = GND, Ta =0°C to 70°C, unless otherwise noted) 


Characteristic Symbol 


Typ 


Ports A and Timer (Standard) 
VOL 


VOH 
Input High Voltage VIH 


Input Low Voltage VIL 


Hi-Z State Input Current ITSI 


Port A (Open Drain) 


Output Low Voltage, lL oqq=0.4 mA 


Output High Voltage, I_Lgaq= —50 pA 


I |r} 
Oo |W 


(=) 
Ww 


= 
ro) 


VCC 


. 
O 
rr 
| 
° 
. 
: 


rf 


Output Low Voltage, ILgaq=0.4 mA 


: 


Input High Voltage VIH 0 


V —0.3 


FF 


: 

a 
i 
Mati 
> 


Input Low Voltage 
Hi-Z State Input Current 
Open Drain Leakage (Voyt = Vcc) ILOD 


Port A (CMOS Drive) 


Output Low Voltage, ILoad = 9.4 mA (Sink) i VOE. - | 


VOL 

Output High Voltage, l_oaq = —10 pA Vcc - 1.0 
VOH 
VI 


NO 
Ww 


Output High Voltage, ILoad = —50 pA : 


Input High Voltage, ILoad= 300 pA Max i 
Input Low Voltage, ILgaq= — 300 pA Max 


Hi-Z State Input Current (Vj, =0.4 V to Vcc) ITS| 
Port B (Standard) 


Output Low Voltage, ILoaq=1.0 mA 


< 
O 
= 


Output Low Voltage,|Loaq = 10 mA (Sink) O 


O 


Output High Voltage, ILgaq = — 100 pA 
Input High Voltage 


< 
oc 


<|j< 
F |= |= 


Input Low Voltage 


SININ S| 
— |O 7w Oo 
oO Ww 


: 
” 


Hi-Z State Input Current 

Port B (Open Drain) 
Output Low Voltage, ILoaq=1.0 mA VOL 
Output Low Voltage, IL oaq= 10 mA (Sink) VOL 
Input High Voltage V 


IH 

Input Low Voltage 
Hi-Z State Input Current 
Open Drain Leakage (Voyt=Vcc) 

Port B (CMOS Drive) 
Output Low Voltage, |_oaq=1.0 mA 
Output High Voltage, ILgad = 10 mA (Sink) 
Output High Voltage, It oaq= — 10 pA Vcc -— 1.0 


Output High Voltage, ILoaq = — 100 pA VOH 


’ 
| 


= w 
w 
i) 


| |p 
Slo 
w 


Input High Voltage, I_Lgaq= — 300 pA Max VIH 2.0 


Input Low Voltage, ILgad = — 300 nA Max 
Hi-Z State Input Current (Vjp =0.4 V to Vcc) ITSI 


Ports A and B (Low Current Clamping Diode*) 


= 


Input High Current Vi=Vcct+1.0 V lH 


Input Low Current Vj, =0.8 V WL 
*Denotes not tested unless specified on ordering form. 
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Ip, LOW-LEVEL OUTPUT CURRENT (mA) 
lon. HIGH-LEVEL OUTPUT CURRENT (uA) 





“0 100 200 #300 400 500 600 #700 ~~ 800 
Voz, LOW-LEVEL OUTPUT VOLTAGE (mV) 





X= SPEC PT. 


Figure 13. Typical VoL vs IoL Figure 14. Typical VoH vs IOH 
for Port A and TIMER for Port A and TIMER 





lox, HIGH-LEVEL OUTPUT CURRENT (,A) 
Igy, LOW-LEVEL OUTPUT CURRENT (mA) 





0 100 200 300 400 500 
Vou. HIGH-LEVEL OUTPUT VOLTAGE (V) Vo. LOW-LEVEL OUTPUT VOLTAGE (mV) 
X= SPEC PT. X= SPEC PT. 


Figure 15. Typical VOH vs IOH Figure 16. Typical VoL vs loL for Port B 
for Port A with CMOS Pullups 


TT Es 


oe a 
ae Se a PS 


ww 


Igy, HIGH-LEVEL OUTPUT CURRENT (2A) 
Ss 
S 

Igy, HIGH-LEVEL OUTPUT CURRENT (yA) 





VOH. on LEVEL sare saa (V) Vat HIGH- LEVEL ceri VOLTAGE (V) 
X= SPEC PT. X= SPEC PT. 


Figure 17. Typical VQH vs IOH for Port B Figure 18. Typical Voy vs IOH 
for Port B with CMOS Pullups 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola using the following media: 

MDOS®, disk file 
MS®-DOS/PC-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS or MS-DOS/PC- » 


DOS disk file) may be submitted for pattern generation. 
They should be programmed with the customer program, 
using positive logic sense for address and data. The dis- 
kette should be clearly labeled with the customer’s name, 
date, project or product name, and the filename contain- 
ing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6804 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M6804 memory. It is necessary to include 
the entire memory image of both program and data space. 
All unused bytes, including those in the user space, must 
be set to logic zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer Disk Operating System. Disk 
media submitted must be standard density (360K), dou- 
ble-sided 5 1/4 inch compatible floppy diskette. The dis- 
kette must contain the object file code in Motorola's S- 
record format. The S-record format is a character-based 
object file format generated by M6804 cross assemblers 
and linkers on IBM PC style machines. 


EPROMS 


Four K of EPROM are necessary to contain the entire 
MC6804J2 program. Two 2516 or 2716 type EPROMs or 
a single 2532 or 2732 type EPROM can be submitted for 
pattern generation. The EPROM is programmed with the 


MDOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


customer program using positive logic sense for address 
and data. Submissions on two EPROMs must be clearly 
marked. All unused bytes, including the user’s space, 
must be set to zero. 

If the MC6804J2 MCU ROM pattern is submitted on 
one 2532 or 2732 EPROM, or on two 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F 
and program space ROM runs from EPROM address $C10 
to $FF7, with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in aconductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. : : 


Verification Media 


All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM Verification Units (RVUs) 


Ten MCUs containing the customers ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 


Ordering Information 


The following table provides generic information per- 
taining to the package type and temperature for the 
MC6804J2. This MCU device is available only in the 20- 


_pin plastic dual-in-line (DIP) package. . 


Generic Information 


Package Type Order Number 


Plastic 0°C to 70°C MC6804J2P 
—40°C to + 85°C | MC6804J2CP 












(P Suffix) 





IBM is a registered trademark of International Business Machines Corporation. 
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Technical Summary 
8-Bit Microcontroller Unit 


MC6804P2 HMOS (high-density NMOS) microcontroller unit (MCU) is a member of the M6804 
Family of serial processing microcontrollers. This device is extremely versatile and cost effective 
based on the MCU’s simple design and its ability to process 8-bit variables, one bit at a time. 

This technical summary contains limited information on the MC6804P2. For detailed information, 
refer to the advanced information data sheet for the MC6804J1, MC6804J2, MC6804P2 and 
MC68704P2 8-bit microcontrollers (MC6804 J1/D) or to the M6804 MCU Manual (DLE404/D). 

Major hardware and software features of the MC6804P2 MCU are: 


@ On-Chip Clock Generator e True Bit Manipulation 

@ Memory Mapped 1/O _ @ Bit Test and Branch Instruction 

@ Software Programmable 8-Bit Timer with @ 288 Bytes Self-Check ROM 
7-Bit Prescaler e@ Conditional Branches 

@ Single Instruction Memory Examine/ @ Timer Pin is Software Programmable as 
Change . Clock Input or Timer Output 

e 30 Bytes of RAM e 1016 Bytes of User Program ROM 

@ User Selectable Constant Current Pullup Devices available on LSTTL and Open-Drain Interface 
Ports 





@ Mask Selectable Edge- or Level-Sensitive Interrupt Pin 


BLOCK DIAGRAM 


TIMER 8-BIT XTAL EXTAL —- RESET MDS IRO 
PRESCALER Ee, 
TIMER/STATUS 
CONTROL REGISTER OSCILLATOR 



















PBO 
ACCUMULATOR PBI 
A PORT 
ie DATA | PORT a, 
INDIRECT CONTROL ale : 
REGISTER =a ee EB Ae 
PAO X G. G. PB5 LINES 
PAI PB6 
PORT pag INDIRECT oB7 
A pag PORT | DATA REGISTER 
LINES PAS REG. REG. arate DATA RAM 
PAG 
P 
aa PROGRAM DATA | PORT i a 
COUNTER DIR. C PC2 1/0 
HIGH PCH REG. | REG. PCa dines 
1016 x 8 PROGRAM 
USER PROGRAM ROM COUNTER 


288 x 8 LOW PCL 
SELF-CHECK ROM 


DATA ROM 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vcc is +5 volts (+0.5 V) power, and Vsg is 
ground. 


IRO 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the microcontroller. 


EXTAL AND XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man- 
ufacturing mask option. The different clock generator op- 
tions are shown in Figure 1, along with crystal 
specifications. ; 


Internal Clock Options : 


The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex- 
ceed recommendations. When using the on-board oscil- 
lator, the MCU should remain in a reset condition, with 
the RESET pin voltage below VipgEs +, until the oscillator 
has stabilized at its operating frequency. See Figure 2 for 
resistor/capacitor oscillator options. 







NC 
EXTERNAL 
CLOCK 
INPUT 


EXTAL 







EXTERNAL CLOCK 


(a) 
CRYSTAL PARAMETERS Cy 


EXTAL 4 : XTAL 5 


CRYSTAL PARAMETERS 
AT — CUT PARALLEL RESONANCE CRYSTAL 
Co=7 pF MAXIMUM 
FREQ. = 11 MHz 
Rs = 50 OHMS MAXIMUM 


PIEZOELECTRIC CERAMIC RESONATORS MAY BE 
SUBSTITUTED FOR THE CRYSTAL. FOLLOW 
MANUFACTURER'S CERAMIC RESONATOR 
SPECIFICATIONS. 


NOTE: Keep crystal leads and circuit connections as short as possible. 


MCU 
XTAL (CRYSTAL MASK 
OPTION) 


TIMER 


The TIMER pin can be configured to operate in either 
the input or output mode. As input, this pin is connected 
to the prescaler input and serves as the timer clock. As 
output, the timer pin reflects the contents of the DOUT 
bit of the timer status/control register, the last time the 
TMZ bit was logic high. 


RESET 

The RESET pin is used to restart the processor to the 
beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 
jump instruction to the first instruction of the main pro- 
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MCU. 


MDS 

The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or ROM-verify mode. 
However, if MDS is logic low at the end of the reset state, 
the single-chip operating mode is automatically selected. 
No external diodes, switches, transistors, etc. are re- 
quired for single-chip mode selection. 


INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PC0-PC3) 
These 20 lines are arranged into two 8-bit ports (A and 
B) and one 4-bit port (C). All lines are programmable as 











EXTAL 









XTAL 
MCU 


(RESISTOR-CAPACITOR MASK 
OPTION} 


(* DENOTES NC/GND. GROUNDING 
PIN 4 WILL REDUCE RFI NOISE.) 


EXTERNAL RESISTOR-CAPACITOR 










MCU 
EXTAL (CRYSTAL MASK 
OPTION) 


CRYSTAL 





Figure 1. Clock Generator Options and Crystal Parameters 
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jem 15 pF AT 25°C 
_| = o— 22 pF AT 25°C |: 

27 pF .AT 25°C 

ome em 36 pF AT 25°C 

sccssecsoes 5) pF AT 25°C 


f, FREQUENCY (MHz) 


10 
R, LOAD RESISTANCE {kQ) 


(a) TYPICAL FREQUENCY VS RESISTANCE 














f, FREQUENCY (MHz). 


PRAT AL 


49 50 51 & 
Vcc. SUPPLY VOLTAGE (V) 


(b) TYPICAL FREQUENCY VARIATIONS @ C, = 15 pF, 10 kQ 














f, FREQUENCY (MHz) 


PAAR | TTT 
IVA | | 


48 49 50 51 5. 
Vcc, SUPPLY VOLTAGE (V) 





49 


5.0 5.1 5.2 


(c) TYPICAL FREQUENCY VARIATIONS @ C; =50 pF, 3 kQ 


Figure 2. Typical Frequency Selection for 
Resistor/Capacitor Oscillator Options 


either inputs or outputs under software control of the 
data direction registers. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


There are 20 input/output pins. All pins of each port 
are programmable as inputs or outputs under the control 
of the data direction registers (DDR). 

The port I/O programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one for 
output, or a logic zero for input, as shown in Figure 3. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the I/O pins are LSTTL compatible as both inputs 
and outputs. In addition, all three ports may use either 
or both of two manufacturing mask options; open drain 
output, or internal pull-up resistor for CMOS compati- 
bility. 

Any write to a port writes to all of its data bits even 
though the port DDR may be set to input... This can be 


used as a tool to initialize the data registers and avoid 
undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor- 
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. _ 

The 20 bidirectional lines may be configured by port 
to be the standard configuration (LSTTL), or either mask 
option; LSTTL/CMOS, or open drain. Port B outputs are 
LED compatible. 


Port Data Registers ($00, $01, $02) 


The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 


Port A ($00) and Port B ($01) 


7 6 5 lO 3 2 1. 0 
Port C ($02) 


7 6 5 4 3 2 1 0 
pxtxtx«i x} | | | | 


MOTOROLA MICROPROCESSOR DATA 


3-318 








MC6804P2 


DATA 
DIRECTION REGISTER 


LATCHED 
OUTPUT 





INTERNAL 
CONNECTIONS 


~ INPUT 
REG 
BIT 


DATA 
DIRECTION OUTPUT 
REGISTER DATA 
BIT BIT 


INPUT 
OUTPUT TO 
STATE MCU 





*For CMOS option transistor acts as resistor (approximately 40 kQ) to Vcc. 
For LSTTL/open-drain options transistor acts as low current clamping diode to Vcc. 


Figure 3. Typical V0 Port Circuitry 


With regard to Port C only, the four MSB bits are un- 
used. These bits are “don’t care” (X) bits when written 
to but are always logic high when read. 


Port Data Direction Registers ($04, $05, $06) 


Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
be an input or an output. A zero in the pin’s corresponding 
DDR bit programs it as an input; a logic one programs it 
as an output. On reset, all the DDRs are initialized to a 
logic zero state to put the ports in the input mode. 


Port A ($04) and Port B ($05) 


7 6 5 4 3 2 1 0 
Port C ($06) 


7 6 5 4 3 2 1 0 
eg ee ed 
With regard to Port C only, the four MSB bits are un- 


used. These bits are ‘“‘don’t care” (X) bits when written 
to but are always logic high when read. 


MEMORY 


The MCU memory map (Figure 4) consists of 4352 bytes 
of addressable memory, I/O register locations, and four 
levels of stack space. This MCU has three separate mem- 
ory spaces: program space, data space, and stack space. 

The MCU is capable of addressing 4096 bytes of pro- 
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro- 
gram space memory includes self-check ROM, program 
ROM, self-check and user program vectors, and reserved 
memory locations. 

A non-accessible subroutine stack space RAM is pro- 
vided. This stack space consists of a last-in-first-out (LIFO) 
register. This register is used with inherent addressing 
to stack the return address for subroutines and interrupts. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad- 
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The operations allowed are 
increment, decrement, load, and store. Data space lo- 
cations $82 and $83 can be used for 8-bit counter loca- 
tions. 
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BYTES 


0000 $000 


RESERVED 
(2784 BYTES) 








2783 
2784 


$ADF 
$AEO 


SELF-CHECK ROM 
(288 BYTES) 


$BFF 
$c00 


3071 
3072 


PROGRAM ROM 
(1016 BYTES) 






4087 $FE7 
4088 SELF-CHECK $FFB 
4089 IRQ VECTOR $FFQ 
4090 | SELF-CHECK SFFA 
4091 RESTART VECTOR SFB 
4092 USER $FFC 
4093 IRQVECTOR =| FFD 
4094 USER SFFE 
4095 RESTART VECTOR sere 


PROGRAM SPACE 


STACK SPACE 


(LIFO) 












ADDRESS 


Mces04P2 


BYTES 














$00 


PORT A DATA REGISTER 
PORT B DATA REGISTER 
- PORT C DATA REGISTER 


000 


001 $01 


002 $02 


003 $03 






004 PORT A DDR $04 


(2 BYTES) 


_ RESERVED 
(14 BYTES) 


005 $05 


$06 
$07 
$08 


006 
007 
008 
009 
010 
031 
032 


$09 
SOA 
$17 


$18 
USER DATA SPACE ROM 
(72 BYTES) 


RESERVED 
(32 BYTES) 










INDIRECT REGISTER X 


_ INDIRECT REGISTER Y 


USER DATA SPACE RAM 
(30 BYTES) 







RESERVED 
(93 BYTES) 


PRESCALER REGISTER 
TIMER COUNT REGISTER 
ACCUMULATOR 


DATA SPACE 


252 
253 


$FC 
$FD 







254 SFE 


255 SFF 


Figure 4. Memory Map 
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REGISTERS 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 

7 


Oo 


INDIRECT REGISTERS (X,Y) 


These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac- 
cessed with the direct, indirect, short direct, or bit set/ 
clear modes. 

7 


| 
oOo 


~ 
S 


| 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. The program 
counter is contained in low byte (PCL) and high nibble 
(PCH). 


1 8 7 0 
PCH PCL 


FLAGS (C,Z) 


The first flag, the carry (C) bit, is set on acarry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
Instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 


the Z bit. 
| C | Z | 


There are two sets of these flags. One set is for interrupt 
processing (interrupt mode flags). The other set is for 
normal operations (program mode flags). When an in- 
terrupt occurs, a context switch is made from the pro- 
gram flags to the interrupt flags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 


NORMAL FLAGS 


INTERRUPT FLAGS 





STACK 


A last-in-first-out (LIFO) stack is incorporated in the MCU 
that eliminates the need for a stack pointer. This non- 
accessible subroutine stack space is implemented in sep- 
arate RAM, 12-bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg- 
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 


SELF CHECK 


The MCU implements two forms of internal check: self 
check and ROM verify. Self check performs an extensive 
functional check of the MCU using a signature analysis 
technique. ROM verify uses a similar method to check 
the contents of program ROM. 

Self-check mode is selected by holding the MDS and 
PA7 pins logic high and the PA6 pin logic low as RESET 
goes low to high. ROM verify mode is entered by holding 
MDS, PA7, and PA6 logic high as RESET* goes low to 
high. Unimplemented program space ROM locations are 
also tested. Monitoring the self-check mode’s stages for 
successful completion requires external circuitry, see 
M6804 MCU Manual (DLE404/D). 








RESET 


RESET 


All resets of the MC6804P2 are caused by the external 
reset input (RESET). A reset can be achieved by pulling 
the RESET pin to logic low for a minimum of 96 oscillator 
cycles. 

During reset, a delay of 96 oscillator cycles is needed 
before allowing the RESET input to go high. If power is 
being applied, RESET must be held low long enough for 
the oscillator to stabilize and then provide the 96 clocks. 
Connecting a capacitor and resistor to the RESET input, 
as shown in Figure 5 below typically provides sufficient 
delay. 




















Figure 5. Powerup RESET Delay Circuit 
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INTERRUPT 


The MCU can be interrupted by applying a logic low 
signal to the IRQ pin. However, a manufacturing mask 
option determines whether the falling edge or the actual 
low level of the IRO pin is sensed to indicate an interrupt. 


EDGE-SENSITIVE OPTION 


When the IRQ pin is pulled low, the internal interrupt 
request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 
6 contains a flowchart that illustrates both the reset and 
interrupt sequences. 

The interrupt sequence consists of one cycle during 
which: 

the interrupt request latch is cleared; 

the interrupt mode flags are selected; 

the program counter (PC) is saved on the stack; 
the interrupt mask is set; and 

the IRQ vector jump address is loaded into the PC. 


RESET 























_ O—- DORs 
1 — INTERRUPT MASK 
0 — INTERRUPT REQUEST 


FETCH 
INSTRUCTION 


LATCH (EDGE EXECUTE 
SENSITIVE OPTION) 
$FF— TCR 
$00 — TSCR 
$FF —> PRESCALER 








WAS 
INSTRUCTION 


AN RTI 
? 





SELECT 

PROGRAM 
' MODE 
FLAGS 









- CLEAR 
INTERRUPT 


PUT SFFE MASK 


ON 
ADDRESS 
BUS 
















SELECT 
PROGRAM 
MODE 
FLAGS 


_ RESET 
PIN 
LOW N 


LOAD PROGRAM 
COUNTER FROM 


RESET VECTOR 


LOCATION 
SFFEISFFF 





The IRQ vector jump address is $FFC-$FFD in the single- 
chip mode and $FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other ROM word. So, it is essential that the vector 
contents specify a JMP instruction in addition to the start- 
ing address of the interrupt service routine. If required, 
this routine should save the values of the accumulator 
and the X and Y registers, since these values are not 
stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur- 
ing RTI the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro- 
gram is then fetched and executed. 

When the interrupt was initially detected and the in- 
terrupt sequence started, the interrupt request latch was 
cleared so that the next interrupt could be detected. These 
steps occurred even as the first interrupt was being serv- 
iced. However, even though the second interrupt edge 
set the interrupt request latch during the first interrupt’s 
processing, the second interrupt’s sequence can not be- 
gin until completion of the interrupt service routine for 
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Figure 6. Reset and Interrupt Flowchart 
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the first interrupt. Completion of an interrupt service rou- 
tine is always accomplished using an RTI instruction to 
return to the main program. The interrupt mask, which 
is not directly available to the programmer, is cleared 
during the last cycle of the RTI instruction. 


LEVEL-SENSITIVE OPTION 


Actual operation of the level-sensitive and edge-sen- 
sitive options are similar. However, the level-sensitive 
option does not have an interrupt request latch. Since 
there is no interrupt request latch, the logic level of the 
IRQ pin is checked to detect the interrupt. Also, in the 


JMP-START 
VECTOR (FFE-FFF) 


START (ROUTINE) 
INSTRUCTION (I-N) 


LAST INSTRUCTION 


JSR INIT 





PROGRAM 


1RO 
RECOGNIZED 


IRO 
SERVICE 
ROUTINE 


LAST INSTRUCTION 


RTI 





PROGRAM 





interrupt sequence there is no need to clear the interrupt 
request latch. These differences are shown in Figure 6. 


POWERUP AND TIMING 


During the powerup sequence, the interrupt mask is 
closed. This precludes any false interrupts. The PC is also 
loaded with the appropriate restart vector (jump instruc- 
tion). 

To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in- 
stead of an RTS. The RTI opens the interrupt mask. Typ- 
ical RESET and IRQ processes and their relationship to 
the interrupt mask are shown in Figure 7. 
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Figure 7. Interrupt Mask 
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Maximum interrupt response time is six machine cycles. 
This includes five cycles for the longest instruction plus 
one for stacking the PC and switching flags. 


_ TIMER 


A block diagram of the MC6804P2 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com- 
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 


PRESCALER 


The prescaler is a 7-bit counter used to extend the max- 
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-2°, to divide-by-27. 


TIMER COUNTER 


The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec- 
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex- 
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 
time, the write takes precedence. TSCR bit one (TMZ) is 
not set until the next timer time out. 


TIMER PIN 


The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR bit 
5 (TOUT). This relationship is shown in the TIMER pin 
status section of Figure 8. The frequency of the internal 
clock applied to the TIMER pin must be less than tpyte, 
which is (fosc/48). 


TIMER INPUT MODE 


In the timer input mode, TOUT is logic zero and the 
TIMER pin is connected directly to prescaler input. So, 
the prescaler is clocked by the signal from the TIMER pin. 
The prescaler divides the TIMER pin clock input by the 
prescaler tap. The prescaler output then clocks the 8-bit 
timer count register. When this register is decremented 
to zero, it sets TSCR bit one (TMZ). This TMZ bit can be 
tested under program control to tell when the counter 
register has reached zero. 


TIMER OUTPUT MODE 


In the output mode, the TIMER pin is output. TOUT is 
a logic one. The prescaler is clocked by the internal sync 
pulse. This pulse is a divide-by-48 of the internal oscillator 
(fosc/48). From this point on, operation is similar to that 


described for the input mode. However, in the output 
mode, once the prescaler decrements the timer counter 
to zero, the high TMZ bit state allows TSCR bit 4 (DOUT) 
to become direct input to the TIMER pin. 


NOTE 


TMZ is normally set to logic one when TCR dec- 
rements to zero and the timer times out. However, 
it may be set by a write of $00 to the timer counter 
or by a write to bit 7 of TSCR. 


TIMER COUNT REGISTER ($FE) | 

The timer count register reflects the current count in 
the internal 8-bit counter. The register is the counter and 
can be read or written. 


7 0 
MSB LSB 
RESET: 


1 1 1 1 1 1 1 1 


TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 


7 6 5 4 3 2 1 0 
tmz | — | rour | nour} Fsi_| ese | pst | poo | 


RESET: . 
0 0 0 0 0 0 0 0 


TMZ — Timer Zero 
1=Timer count register has decremented to zero 
since the last time the TMZ bit was read. 
0=This bit is cleared by a read of the TSCR if TMZ 
is read as logic one. 
Bit 6 
Not used by this register. 
TOUT — Timer Output 
1= Output mode is selected for the timer. 
0=Input mode is selected for the timer. 
DOUT — Data Output 
Latched data at this bit is sent to the TIMER pin when 
___ both the TMZ and TOUT bits are logic high. 
PSI — Prescaler Initialize 
1=Prescaler begins to decrement. 
0=Prescaler is initialized and counting is inhibited. 
PSO-PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 


| ps2 | psi_| PSO | Divide By 
ere 
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Figure 8. Timer Block Diagram 
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It is recommended that MVI or load immediate and 
storing instructions be used when changing bit values in 
the TSCR. Read-modify-write instructions can cause the 
TMZ to assume an unexpected state. 

During reset, the TSCR is set to all zeros; the TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO- 
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 


TIMER PRESCALER REGISTER ($FD) 


The timer prescaler register reflects the current count 
of the 7-bit prescaler. This register is the prescaler counter 
and can be read or written. 


6 0 
MSB LSB 
RESET: 


1 1 1 1 1 1 1.3 


INSTRUCTION SET 


The MCU has a set of 42 basic instructions. They can 
be divided into.five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. . 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. 


| Function | Mnemonic 


















AND Memory to A 
TTranster AtoxP STA 
[TransterAtYPSSSSC~*dSCSAY 
[Transfer YPtoA | TYA 
FTransterxPtwoASSCS™~*~dtCS 
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TAY’ 
TYA 
TPA 
| 
[oierye cv] 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 


Can neon | 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list of instructions. 


BCC 
[Branch if Notequal | BNE 
[Branch ifEqual | BE 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the 256 bytes of data space where all port 
registers, port DDRs, timer, timer control, and.on-chip 
RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within these 256 
locations. The bit set, bit clear, and bit test and branch 
functions are all implemented with a single instruction. 
For the test and branch instructions, the value of the bit 
tested is also placed in the carry bit of the condition code 
register. Refer to the following list of instructions. 


| Mnemonic 


CONTROL INSTRUCTIONS 


These instructions are used to control processor op- 
eration during program execution. The jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 




























Branch If Bit n is Set — 
Branch If Bit n is Clear 
Set Bit n 


Clear Bitn - 
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register operand. Refer to the following list of instruc- 
tions. 


Return from Subroutine 


No Operation 
Jump Unconditional 
IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are lo- 
cated in RAM, many implied instructions exist. Some of 
the instructions recognized and translated by the assem- 
bler are shown below: 


Mnemonic Becomes 
ASLA ADD $FF 



















Becomes 


INC $80 | 


Mnemonic 





































BCC INCY INC $81 
BLO BCS LDX| MVI $80 DATA 
CLRA SUB $FF LDYI MVI $81 DATA 








BEQO (PC) +1 
STA $80 













CLRX MVI $80 #0 
CLRY MVI $81 #0 
DECA DEC $FF 


NOP 
TAX 
TAY STA $81 


Some examples of valuable instructions not specifi- 
cally recognized by the assembler are shown below: 


|__ Mnemonic Meaning 
Ensures A is plus 
Ensures A is minus 
Branch if A is plus 





Branch if A is minus 
Branch if X is plus (BXPL) 
Branch if X is minus (BXMI) 
Branch if Y is plus (BYPL) 
Branch if Y is minus (BYMI) 





OPCODE MAP 


Table 1 is a listing of all the instruction set opcodes 
applicable to the MC6804P2 MCU. 


ADDRESSING MODES 


The MCU has nine different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. It deals with objects in three dif- 
ferent address spaces: program space, data space, and 
stack space. The term “effective address” (EA) is used in 


describing the various addressing modes. Effective ad- 
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is lo- 
cated in program ROM. It is contained in the byte im- 
mediately following the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes of data space with a single two- 
byte instruction. 


SHORT DIRECT 


In the short direct addressing mode, the MCU has four 
locations in data space RAM it can use, ($80, $81, $82, 
and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct 
addressing is a subset of the direct addressing mode. 
The X and Y registers are at locations $80 and $81, re- 
spectively. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 


RELATIVE 


The relative addressing mode is only used in condi- 
tional branch instructions. In relative addressing, the con- 
tents of the 8-bit signed byte (the offset) following the 
opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 
—15 to +16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that it is within the span of the branch. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ- 
ten to can be set or cleared with a single two-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write only registers (registers at $04, $05, and $06). 
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Abbreviations for Address Modes 


INH 
S-D 
B-T-B 
IMM 
DIR 
EXT 
REL 
BSC 
R-IND 







Inherent 

Short Direct 

Bit Test and Branch 
Immediate 

Direct 

Extended 

Relative 

Bit Set/ Clear 
Register Indirect 


Branch Instructions 


Indicates Instruction Reserved for Future Use 
Indicates Illegal Instruction 


Table 1. Opcode Map. 





Register/Memory, Control, and Bit Manipulation Register/Memory and 
See instructions a eestions Read’ Mostly Wate 


| BRCLAG BCLR6 
BTB{2 BSC }1 as 1 Mb 












* BRCLRO BCLRO 
3 BTB|2 Bsc 1 R-INO ere 0000 
° BRCLRI BCLRi STA STA 1 
3 aT B{2 BSC | 1 RIND | 1 R.IND 0001 
5 4 4 4 
BRCLR2 BCLR2 ADD ADD 2 
Ink | 3 BT B}2 BSC }1 RIND | 1 R-iND 0010 
° BRCLRS BCLR3 SUB SUB 
3 BTB{2 BSC {1 RIND | 1 R-IND he 
° BRCLRA BCLR4 CMP 
3 BT BI] 2 BSC }1 RIND} 1 R-IND 0100 


 BRCLRS BCLRS AND AND 
INH {3 BT B/2 BSC {1 RIND} 1 RIND 0101 






















° BRCLR7 BCLR7 
BSC }1 RIND | 1 R-IND om 
5 
BRSETO BSETO 
2 BSC |2 IMM ] 2 1000 
"BASEN eae 
BT BI 2 1001 
" BRSET2 BSET2 
BT BI 2 Bsc {2 iMM | 2 1010 
* BRSETS BSET3 
3 BTB}2 BSC IMM | 2 1011 
_ BRSETA BSET4 
BTB]2 asc {2 
° BRSETS BSETS5 
: BTB|2 BSC IMM | 2 
BSET6 
2 BSC 1110 






































Opcode in Hexadecimal 


Opcode in Binary 


——_-____--—_— Address Mode 
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A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write func- 
tions, they cannot be used to set or clear a DDR bit; 
all “unaffected” bits would be set. Write all DDR 
bits in a port using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The data space address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The third byte is sign extended to twelve 
bits and becomes the offset added to the PC if the con- 
dition is true. This single three-byte instruction allows the 
program to branch based on the condition of any read- 
able bit in the 256 locations of data space. The span of 


branching is from —125 to +130 from the opcode ad- 
dress. The state of the tested bit is also transferred to the 
carry flag. 


REGISTER-INDIRECT 


In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 








This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation it is recommended that Vjn and Voyt be con- 
strained to the range Vss < (Vin or Vout) < VCC. 
Reliability of operation is enhanced if unused in- 
puts except EXTAL are connected to an appro- 
priate logic voltage level (e.g., either Vss or Vcc). 


Rating | Symbol | Value | Unit 
Operating Temperature Range (Comm.) 
J 







C 
Operating Temperature Range (Ind.) -—40 to +85 Cc 
Storage Temperature Range -55 to +150 C 

C 


T fe 
150 
150 
175 
THERMAL CHARACTERISTICS 


Junction Temperature 
Plastic 
PLCC 

Cerdip 

























Thermal Resistance OIA 
70 
120 
60 


Plastic 
The average chip-junction temperature, Ty, in °C can 


PLCC 
Cerdip 
be obtained from: 





POWER CONSIDERATIONS 


Ty=Ta + (Pp ° 8ya) (1) 
where: 
Ta = Ambient Temperature, °C 
BJA = Package Thermal Resistance, | 
~ Junction-to-Ambient, °C/W 
PD = Pint+PPORT 
PINT =Icc<Vec, Watts — Chip Internal Power 


PporT = Port Power Dissipation, 
Watts — User Determined 








For most applications PpgortT<Pijnjt and can be ne- 
glected. PPoRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 


Pp =K=+(Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp * (Ta + 273°C) + 0 ArPD2 (3) 


where K is a constant pertaining to the particular part. 
K can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ty. Using this value of K, 
the values of Pp and T, can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta. 
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ELECTRICAL CHARACTERISTICS (Vcc = +5.0 Vde+0.5 Vdc, Vss= GND, Ta =0°C to 70°C, unless otherwise noted) 


Characteristic 
Internal Power Dissipation — No Port Loading 


Input High Voltage 


Input Capacitance . 
Input Current (IRQ, RESET) 






SWITCHING CHARACTERISTICS (Vcc= +5.0 Vdc+0.5 Vde, Vgs=GND, Ta =0°C to 70°C, unless otherwise noted) 


eects Sd Satta 
[osciisiorFeaueneySSSSCS~Ssd ge Pa 
fttime tit 


Vcc = 5.2 V 












—_ 
N 
So 
a 
n 
















TEST MM06150 TEST MM06150 
POINT OR EQUIV. 4kQ POINT OR EQUIV. 10 ko 
TEST POINT 
40 pF MMO07000 a 30 pF (TOTAL) eel MMD7000 
(TOTAL) OR EQUIV. i} (TOTAL) OR EQUIV, 
Figure 9. LSTTL Equivalent Figure 10. CMOS Equivalent Figure 11. LSTTL Equivalent 
Test Load (Port B) Test Load (Ports A, B, C) Test Load (Ports A, C, 


and TIMER) 


{a} OSCILLATOR — 1-2 TIMING 


Oe i, en aa ree aia Sees 
(b} 1 — SYNC TIMING 
* TLOLILIOLIT LFS LS LS LY LP LP yy 
SYNC | | | | : | 


Figure 12. Clock Generator Timing Diagram 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vcc = +5.0 Vdc +0.5 Vde, Vgg = GND, Ta =0° to 70°C, unless otherwise noted) 


Characteristic Symbol | Min | Typ | Max | Unit _| 


Ports A, C, and Timer (Standard) 
Output Low Voltage, || gad = 0.4 mA VOL 
VOH 3 
2.0 





o 


| 
So 
w 


Output High Voltage, ILgaq= —50 pA 
Input High Voltage 


< 
<— 


VC 


O 


iy 
co on 
L 


Input Low Voltage 
Hi-Z State Input Current 


L 


ITSI 
Ports A and C (Open Drain) 





aS 

jon) 
= 

> 


I 





Output Low Voltage, ILpad =0.4 mA VOL 


No 


| 
© |; 
w 
i) 
on 
+E 


Input High Voltage VIH 0 


VCC 


i 
Oo 





Input Low Voltage VIL 


- 
for 


Hi-Z State Input Current ITS| 





40 


= 
> 


Open Drain Leakage (Voyt = Vcc) 





Ports A and C (CMOS Drive) 
Output Low Voltage, ILgaq=0.4 mA (Sink) VOL 





Output High Voltage, l| p9ag= — 10 pA VOH Vce=h0 
Output High Voltage, I_paq= —50 pA 








| 


| 
See ee ee bee 


Input High Voltage, !t gad = — 300 uA Max 





| 
Oo 
w 


Input Low Voltage, ll oad = — 300 pA Max 
Hi-Z State Input Current (Vj, =0.4 V to Vcc) 


= 


L 


ITSI 
Port B (Standard) 





< 
= 
NTN 
Oo |w 


W 
© 
(an) 
= 
> 


+ 








Output Low Voltage, IL 9aqg=1.0 mA 
Output Low Voltage, || gag = 10 mA (Sink) 





Output High Voltage, lL oaq= — 100 pA 


< 
O 
x 








N |S 
Oo |W : 


Input High Voltage 


| 
<|<|[</<|< 


Input Low Voltage 
Hi-Z State Input Current 








< <j< 


Es 

— 

i 

| || S 
w 

oO 

foe) 

<1 
, 
ai 


ITS! 
Port B (Open Drain) 




















VoL 0. v 
1.5 Mes) 
2.0 Voc v 
08 v 
|Hiz StateimputCurent | gy S| Ct HA 





| 
0O 
oC 
io) 


Open Drain Leakage (Voyt=Vcc) ILOD 
Port B (CMOS Drive) 





< 
O 
a 


| 
So 
| 


Output Low Voltage, I, 9aqg=1.0 mA 
Output High Voltage, It gad = 10 mA (Sink) 


— 
o1 


Oo 


N |N 
Oo |w 


| 
© 
WO 
: =| 


< 


Output High Voltage, || ggg= — 10 pA OH Vée=10 


Output High Voltage, IL oaq= — 100 pA O 


Input High Voltage, ILoad = —300 pA Max Vcc 


< 
ar 


Input Low Voltage, lL oad = — 300 pA Max L 
Hi-Z State Input Current (Vjp =0.4 V to Vcc) ITSI 
Ports A, B, and C (Low Current Clamping Diode*) 


= 





~ 300 


< < 
Ps [= 


Input High Current Viy=Vcc+1.0 V 





. 
; 
re 
ro) 
= 
> 


= 
c= 
> 


Input Low Current Vj, =0.8 V 
*Denotes not tested unless specified on ordering form. 
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+ EXPECTED 
? MIN 4.5 V 


Ig_. LOW-LEVEL OUTPUT CURRENT (mA) 
Ioy. HIGH-LEVEL OUTPUT CURRENT (A) 





0 100 200 300 400 500 600 700 9800 2.0 2.5 3.0 3.5 4.0 4.5 5.0 
Voy. LOW-LEVEL OUTPUT VOLTAGE (mV) Vou, HIGH-LEVEL OUTPUT VOLTAGE (V) 
X=SPEC PT. X = SPEC PT. 
Figure 13. Typical VoL vs Io. Figure 14. Typical VOH vs IOH 


for Port A and TIMER for Port A and TIMER 








































































i | /” TYPICAL 
3 z° EXPECTED San 
tS & 8 MAX 5.5 °V C1 
& = 7 - 40°C aot! 
3 EXPECTED 3 . 
bt 6 ‘ 7 +g? 
5 MAX 5.5 V re 7 > 
= ze . Z wT” EXPECTED 
3 = fe? MIN 4.5 V 
aw re O-sot - 85°C 
=> = ood 
uy a / 
Es ee és 
= Si Mh" 
5 >| + (0.5 V, 1 mA) X 
ies , a eed ties 
2 3 4 5 6 0 100 200 300 400 500 
Von. HIGH-LEVEL OUTPUT VOLTAGE (V) Voy. LOW-LEVEL OUTPUT VOLTAGE (mV) 
X = SPEC PT. X = SPEC PT. 
Figure 15. Typical Voy vs IoH | 3 Figure 16. Typical VoL vs Io, for Port B 


for Port A with CMOS Pullups 





low. HIGH-LEVEL OUTPUT CURRENT (uA) 
ou. HIGH-LEVEL OUTPUT CURRENT (uA) 





~ — 400 
2.0 2.5 3.0 3.5 4.0 4.5 5.0 
Vou. HIGH-LEVEL QUTPUT VOLTAGE (V) 
X= SPEC PT. X = SPEC PT. 


Figure 17. Typical VOH vs IoH for Port B Figure 18. Typical VOH vs IOH 
: for Port B with CMOS Pullups 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola using the following media: 

MDOS, disk file 
MS-DOS/PC-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS™ or MS®-DOS/ 
PC-DOS disk file) may be submitted for pattern genera- 
tion. They should be programmed with the customer's 
program, using positive logic sense for address and data. 
The diskette should be clearly labeled with the customer's 
name, date, project or product name, and the filename 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO otuput of the M6804 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M6804 memory. It is necessary to include 
the entire memory image of both program and data space. 
All unused bytes, including those in the user space, must 
be set to logic zero. 


MS-DOS/PC-DOS Disk File 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer Disk Operating System. Disk 
media submitted must be standard density (360K), dou- 
ble-sided 5 1/4 inch compatible floppy diskette. The dis- 
kette must contain the object file code in Motorola's S- 
record format. The S-record format is a character-based 
object file format generated by M6804 cross assemblers 
and linkers on IBM PC style machines. 


EPROMS 


Four K of EPROM are necessary to contain the entire 
MC6804P2 program. Two 2516 or 2716 type EPROMs or 
a single 2532 or 2732 type EPROM can be submitted for 
pattern generation. The EPROM is programmed with the 
customer's program using positive logic sense for ad- 
dress and data. Submissions on two EPROMs must be 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


clearly marked. All unused bytes, including the user’s 
space, must be set to zero. 

If the MC6804P2 MCU ROM pattern is submitted on 
one 2532 or 2732 EPROM, or on two 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F, 
and program space ROM runs from EPROM address $C00 
to $FF7, with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
ina conductive IC carrier and packed securely. Styrofcam 
is not acceptable for shipment. 


Verification Media 


All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM Verification Units (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 


Ordering Information 


The following table provides generic information per- 
taining to the package type and temperature for the 
MC6804P2. This MCU device is available in both the 28- 
pin plastic dual-in-line (DIP) and the 28-lead PLCC pack- 
age. 


Generic Information 


Package Type Order Number 


Temperature 


Plastic 0°C to 70°C MC6804P2P 
(P Suffix) —40°C to +85°C | MC6804P2CP 


0°C to 70°C MC6804P2FN 
—40°C to + 85°C | MC6804P2CFN 


Plastic Leaded 
Chip Carrier 
(FN Suffix) 





IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA 
PIN ASSIGNMENTS 


28-PIN DUAL-IN-LINE PACKAGE 





Vsg 1 © 28 (] RESET 
ino] 2 PA7 
Vec Q 3 26 [] PAB 
EXTAL [] 4 25 {] PAS 
XTAL 24 [] PA4 ° 
mps {] 6 23 []PA3 
TIMER [] 7 22 {J PA2 
PcOl 8 21 {PAI 
pci fj 9 20 [] PAO 
PC2(} 10 19 [] PB7 
pe3 11 18 [] P86 
po {] 12 17 [] PB5 
ppt {] 13 16 [] PB4 





PB2 Uj 14 15 [J PB3 


28-LEAD PLCC PACKAGE 


md 
< 
— 
Pan 
ud 


RESET 


Vcc 
ina 
Vss 
PAT 
PAG 
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Technical Summary 
HMOS Microcomputer Unit 


MC68704P2 HMOS (high-density NMOS) microcomputer unit (MCU) is an EPROM member of the 
M6804 Family of microcomputers. User programmable EPROM allows program changes and lower 
volume applications. This feature further heightens the versatility of an MCU whose design-ability 
to process 8-bit variables, one bit at a time, already makes it tremendously cost effective. 

This technical summary contains limited information on the MC68704P2. For detailed information, 
refer to the advanced information data sheet for the MC6804J1, MC6804J2, MC6804P2, and 
MC68704P2 8-bit microcomputers, (MC6804J1/D) or to the M6804 MCU Manual (DLE404/D). 

Major hardware and software features of the MC68704P2 MCU are: 





@ On-Chip Clock Generator @ Breakpoint and Mask Option Registers 
e |/O and Registers Mapped in Data @ Self-Check 
Space Memory ® Conditional Branches 
@ Software Programmable 8-Bit Timer @ Timer Pin is Software Programmable 
with 7-Bit Prescaler as Event Counter or Timer Output 
@ Single Instruction Memory Examine/ @® MC68HC04P2/P3 Pin Compatibility 
Change 32 Bytes of RAM 
@ MC6804J1/J2/P2 Emulation 
@ 1088 Bytes of EPROM User selectable options are: , 
e True Bit Manipulation @ Mask Selectable Edge- or Level-Sensitive Interrupt Pin | 
e Bit Test and Branch Instruction @ Push-Pull or Open-Drain Interface Ports 


BLOCK DIAGRAM 


XTAL EXTAL RESET MDS/Vpp_ iRQ 
TIMER PRESCALER Bale 


TIMERISTATUS 
CONTROL REGISTER OSCILLATOR 


PBO 

ACCUMULATOR PBI 
A PORT 
ci PORT | PORT are 

INDIRECT CONTROL ie ae > PB3 
REGISTER pee. | REG eee 
x PB5 LINES 














PAO 
PAI PBG 
PORT pa Banat BARE INDIRECT BREAKPOINT PB7 
A PA3 REGISTER REGISTERS 
0 pag A DIR. CPU 30x 8 
LINES PAS REG. | REG. EPROM DATA RAM 
PAG STACK MASK OPT. REG. 
| | | | PORT 
ue PROGRAM DATA | PORT fs : 
COUNTER DIR. C 
PCH ; ; PC2 1/0 
HIGH ALU EG. EG. PC3 LINES 
1016 x8 PROGRAM 
USER PROGRAM EPROM COUNTER 
320 x 8 LOW PCL 


DATA EPROM 


SELF-CHECK ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 
Power is supplied to the microcomputer using these 


two pins. Vcc is +5 volts (+0.5 V) power, and Vss is 
ground. 


IRQ 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the microcomputer. 


EXTAL AND XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made through the 
mask option register (MOR). The different clock generator 
options are shown in Figure 1, along with crystal speci- 
fications. 


Internal Clock Options 


The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex- 
ceed recommendations. When using the on-board oscil- 
lator, the MCU should remain in a reset condition, with 
the RESET pin voltage below VipEs +, until the oscillator 
has stabilized at its operating frequency. See Figure 2 for 
resistor/capacitor oscillator options. 








NC EXTAL 





TIMER 

The TIMER pin can be configured to operate in either 
the input or output mode. As input, this pin is connected 
to the prescaler input and serves as the timer clock. As 
output, the timer pin reflects the contents of the DOUT 
bit of the timer status/control register, the last time the 
TMZ bit was logic high. 


RESET 

The RESET pin is used to restart the processor to the 
beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 
jump instruction to the first instruction of the main pro- 
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MCU. 


MDS/Vpp 

The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or EPROM program- 
ming. However, if MDS is logic Jow at the end of the reset 
state, the single-chip operating mode is automatically 
selected. No external diodes, switches, transistors, etc. 
are required for single-chip mode selection. This pin is 
raised to Vpp voltage to program the EPROM. 


INPUT/OUTPUT LINES (PA0-PA7, PB0-PB7, PCO-PC3) 


These 20 lines are arranged into two 8-bit ports (A and 
B) and one 4-bit port (C). All lines are programmable as 









EXTAL 









EXTERNAL 









MCU 











CLOCK XTAL (CRYSTAL MASK XTAL 
INPUT OPTION) MCU 
(RESISTOR-CAPACITOR MASK 
OPTION) 
EXTERNAL CLOCK (* DENOTES NC/GND. GROUNDING 
PIN 4 WILL REDUCE RFI NOISE.) 
EXTERNAL RESISTOR-CAPACITOR 
(a) 
CRYSTAL PARAMETERS Cy 
ly Rs 
EXTAL 4 XTAL 5 









CRYSTAL PARAMETERS 
AT — CUT PARALLEL RESONANCE CRYSTAL 
Cg =7 pF MAXIMUM 
FREQ. = 11 MHz “1 


Rg = 50 OHMS MAXIMUM 


MCU 
EXTAL (CRYSTAL MASK 
OPTION) 





PIEZOELECTRIC CERAMIC RESONATORS MAY BE 
SUBSTITUTED FOR THE CRYSTAL. FOLLOW 
MANUFACTURER’S CERAMIC RESONATOR 
SPECIFICATIONS. 


CRYSTAL 


NOTE: Keep crystal leads and circuit connections as short as possible. 


Figure 1. Clock Generator Options and Crystal Parameters 





MOTOROLA MICROPROCESSOR DATA 
3-336 


f, FREQUENCY (MHz) 


MC68704P2 


me 15 pF AT 25°C 
——— 22 pF AT 25°C 

27 pF AT 25°C 
om = 36 pF AT 25°C 
sccsssssoes 50 pF AT 25°C 





10 12 
R,, LOAD RESISTANCE (kQ) 


(a) TYPICAL FREQUENCY VS RESISTANCE 


f, FREQUENCY (MHz) 








49 50 51 52 5.3 


Ver, SUPPLY VOLTAGE (V) 


4.8 


(b) TYPICAL FREQUENCY VARIATIONS @ C; = 15 pF, 10 kQ 














f, FREQUENCY (MHz) 


48 49 50 51° 5. 
Vcc. SUPPLY VOLTAGE (V) 


4.9 





5.0 


ot -5.2 


(c) TYPICAL FREQUENCY VARIATIONS @ C; = 50 pF, 3 kQ 


Figure 2. Typical Frequency Selection for 
Resistor/Capacitor Oscillator Options 


either inputs or outputs under software control of the 
data direction registers. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


There are 20 input/output pins. All pins of each port 
are programmable as inputs or outputs under the control 
of the data direction registers (DDR). 

The port I/O programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one for 
output, or a logic zero for input, as shown in Figure 3. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the I/O pins are LSTTL compatible as both inputs 
and outputs. In addition, all three ports may use either 
or both of two output options: open drain or push-pull. 

Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. This can be 
used as a tool to initialize the data registers and avoid 


undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor- 
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 

The 20 bidirectional lines may be configured by port 
to be the standard configuration, push-pull, or open drain. 
Port B outputs are LED compatible. 


Port Data Registers ($00, $01, $02) 


The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 


Port A ($00) and Port B ($01) 


7 6 5 4 3 2 1 0 
Port C ($02) 


7 6 5 4 3 2. 1 0 
c2ESES ES ee ee ee oe 
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DATA 
DIRECTION REGISTER 








DATA 
BIT 


INTERNAL 
CONNECTIONS 


DATA 
DIRECTION OUTPUT 
REGISTER DATA 


me | 
I 

| | 

BIT | 

, | | 

. | | 

LATCHED ae ee J 
OUTPUT 10 
PIN 





OUTPUT 


STATE 





*For CMOS option transistor acts as resistor (approximately 40 kQ) to Vcc. 
For LSTTL/open-drain options transistor acts as low current clamping diode to Vcc. 


Figure 3. Typical I/O Port Circuitry 


With regard to Port C only, the four MSB bits are un- 
used. These bits are ‘‘don’t care” (X) bits when written 
to but are always logic high when read. 


Port Data Direction Registers ($04, $05, $06) 


Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
be an input or an output. A zero in the pin’s corresponding 
DDR bit programs it as an input; a logic one programs it 
as an output. On reset, all the DDRs are initialized to a 
logic zero state to put the ports in the input mode. | 


Port A ($04) and Port B ($05) 


7 6 5 4 3 2 1 0 
Port C ($06) 


7 6 5 4 3 2 1 0 
Ee ee ee 
With regard to Port C only, the four MSB bits are un- 


used. These bits are ‘don’t care”’ (X) bits when written 
to but are always logic high when read. 


MEMORY 


The MCU memory map (Figure 4) consists of 4352 bytes 
of addressable memory and I/O register locations. This 
MCU has three separate memory spaces: program space, 
data space, and stack space. 

The MCU is capable of addressing 4096 bytes of pro- 
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro- 
gram space memory includes self-check ROM, program 
EPROM, self-check vectors (mask ROM), user program 
vectors (EPROM), and reserved memory locations. 

_ A non-accessible subroutine stack space RAM is pro- 
vided. This stack space consists of a last-in-first-out (LIFO) 
register. This register is used with inherent addressing 
to stack the return address for subroutines and interrupts. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad- 
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The operations allowed are 
increment, decrement, load, and store. Data space lo- 
cations $82 and $83 can be used for 8-bit counter loca- 
tions. a 
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BYTES ADDRESS BYTES ADDRESS 


0000 $000 


RESERVED 






(2656 BYTES) 


2751 
2752 


SABF 
$ACO 


SELF-CHECK ROM 
(320 BYTES) 


3071 
3072 


$BFF 
$CO00 


PROGRAM EPROM 
(1016 BYTES) 


4087 


4088 
4089 


4090 


4091 
4092 


4093 
4094 
4095 


SFF7 
SFF8 
SFFS 
SFFA 
$FFB 
SFFC 
SFFD 
SFFE 
SFFF 






SELF-CHECK IRQ VECTOR 
(MASK ROM) 
SELF-CHECK RESTART VECTOR 
(MASK ROM) 
USER IRO VECTOR 
(EPROM) 
USER RESTART VECTOR 
(EPROM) 
PROGRAM SPACE 


eed 


STACK SPACE 











Figure 4. Memory Map 























000 


ase 


$00 
001 $01 


002 $02 


003 $03 


004 





$04 


005 $05 


006 $06 


007 RESERVED $07 
008 (2 BYTES) $08 
009 TIMER STATUS CONT. REG. $09 
010 RESERVED SOA 
013 (4 BYTES) $0D 







SOE 


BREAKPOINT REG. (LOW) 
BREAKPOINT REG. (HIGH) 


RESERVED 
(7 BYTES) 


$0F 
$10 


$16 
$17 


$18 


EPROM MASK OPTION REG. 


USER DATA SPACE EPROM 
(72 BYTES) 

095 

096 


$5F 
$60 










RESERVED 
(32 BYTES) 


INDIRECT REGISTER X 
INDIRECT REGISTER Y 


USER DATA SPACE RAM 
(30 BYTES) 


127 
128 


$7F 
$80 


129 
130 


$81 
$82 


SOF 
$A0 


159 
160 | 





RESERVED 
(93 BYTES) 


PRESCALER REGISTER 
| TIMER COUNT REGISTER 


ACCUMULATOR 


DATA SPACE 


252 SFC 


253 






$FD 
254 SFE 


255 $FF 
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REGISTERS 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. | 


~ 
[am] 


INDIRECT REGISTERS (X,Y) 


These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac- 
cessed with the direct, indirect, short direct, or bit set/ 
clear modes. | = 


~~ 
| 
Oo 


~ 
Oo 


| 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched from program 
space. The program counter is contained in low byte (PCL) 
and high nibble (PCH). 


in 8 7 0 
PCH PCL 


(=p) 


FLAGS (C,Z) 


The first flag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well... | 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. 


NORMAL FLAGS fc Tze | 
INTERRUPT FLAGS . 


There are two sets of these flags. One set is for interrupt 
processing (interrupt mode flags). The other set is for 
normal operations (program mode flags). When an in- 
terrupt occurs, a context switch is made from the pro- 


gram flags to the interrupt flags. An RTI forces the context. 


switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 


STACK 


A last-in-first-out (LIFO) stack is incorporated in the MCU 
that eliminates the need for a stack pointer. This non- 
accessible subroutine stack space is implemented in sep- 
arate RAM, 12-bits wide. Whenever a subroutine ca!! ar 
interrupt occurs, the contents of the PC are shifted intc 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg- 
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 


SELF CHECK 


The MCU implements two forms of internal check: self 
check and the verify mode phase of EPROM program- 
ming. Self check performs an extensive functional check 
of the MCU using a signature analysis technique. For 
information on the verify mode in EPROM programming, 
see application note, WC68704P2 8-Bit EPROM Micro- 
computer Programming Module (AN-942). 

Self-check mode is selected by holding the MDS and 
PA7 pins logic high and the PA6 pin logic low as RESET 
goes low to high. Monitoring the self-check mode's stages 
for successful completion requires external circuitry, see 
Motorola's M6804 MCU Manual (DLE404/D). 





RESET 


RESET 


All resets of the MC68704P2 are caused by the external 
reset input (RESET). A reset can be achieved by pulling 
the RESET pin to logic low for a minimum of 96 oscillator 
cycles. 

During reset, a delay of 96 oscillator cycles is needed 
before allowing the RESET input to go high. !f power is 
being applied, RESET must be held low long enough for 
the oscillator to stabilize and then provide the 96 clocks. 
Connecting a capacitor and resistor to the RESET input, 
as shown in Figure 5 below typically provides sufficient 
delay. 

















Figure 5. Powerup RESET Delay Circuit 
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INTERRUPT 


The MCU can be interrupted by applying a logic low 
signal to the IRO pin. However, a bit in the mask option 
register (MOR) determines whether the falling edge or 
the actual low level of the IRQ pin is sensed to indicate 
an interrupt. 


EDGE-SENSITIVE OPTION 


When the IRQ pin is pulled low, the internal interrupt 
request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 
6 contains a flowchart that illustrates both the reset and 
interrupt sequences. 

The interrupt sequence consists of one cycle during 
which: 

the interrupt request latch is cleared, 

the interrupt mode flags are selected, 

the program counter (PC) is saved on the stack, 
the interrupt mask is set, and 

The IRQ vector jump address is loaded into the PC. 


RESET 










0 — DORs 
1 —- INTERRUPT MASK 
0 — INTERRUPT REQUEST 
LATCH (EDGE 
SENSITIVE OPTION) 
$FF — TCR 
$00 —+ TSCR 
$FF —e PRESCALER 











FETCH 
INSTRUCTION 
EXECUTE 
INSTRUCTION 


WAS 
INSTRUCTION 
AN RTI 

? 


















SELECT 
PROGRAM 
MODE 
FLAGS 













CLEAR 
INTERRUPT 
MASK 





PUT SFFE 
ON 
ADDRESS 
BUS 







SELECT 
PROGRAM 
MODE 
FLAGS 





RESET 
PIN 
LOW N 


LOAD PROGRAM 
COUNTER FROM 
RESET VECTOR 


LOCATION 
SFFE/S FFF 





INTERRUPT 
MASK 
SET? 


The IRQ vector jump address is $FFC-$FFD in the single- 


chip mode and $FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other EPROM program word. So, it is essential 
that the vector contents specify a JMP instruction in ad- 
dition to the starting address of the interrupt service rou- 
tine. If required, this routine should save the values of 
the accumulator and the X and Y registers, since these 
values are not stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur- 
ing RTI the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro- 
gram is then fetched and executed. 

When the interrupt was initially detected and the in- 


- terrupt sequence started, the interrupt request latch was 


cleared so that the next interrupt could be detected. These 
steps occurred even as the first interrupt was being serv- 
iced. However, even though the second interrupt edge 
set the interrupt request latch during the first interrupt’s 
processing, the second interrupt’s sequence can not be- 
gin until completion of the interrupt service routine for 
the first interrupt. Completion of an interrupt service rou- 


\ 













CHECK 
INTERRUPT 
REQUEST 
LATCH 
OUTPUT 








SENSITIVE 
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Figure 6. Reset and Interrupt Flowchart 


MOTOROLA MICROPROCESSOR DATA 
3-341 





MC68704P2 


tine is always accomplished using an RTI instruction to 
return to the main program. The interrupt mask, which 
is not directly available to the programmer, is cleared 
during the last cycle of the RTI instruction. 


LEVEL-SENSITIVE OPTION — 


Actual operation of the level-sensitive and edge-sen- 
sitive options are similar. However, the level-sensitive 
option does not have an interrupt request latch. Since 
there is no interrupt request latch, the logic level of the 
IRQ pin is checked to detect the interrupt. Also, in the 
interrupt sequence there is no need to clear the interrupt 
request latch. These differences are shown in Figure 6. 










JMP-START 
VECTOR (FFE-FFF) 


START (ROUTINE) 
INSTRUCTION (I-N) 


FLAST INSTRUCTION 


JSR INIT 





PROGRAM | 


ira 
RECOGNIZED 


IRQ 
SERVICE 
ROUTINE 


LAST INSTRUCTION 


RTI 





PROGRAM 





POWERUP AND TIMING 


During the powerup sequence, the interrupt mask is 
closed. This precludes any false interrupts. The PC is also 
loaded with the appropriate restart vector (jump instruc- 
tion). . 

To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in- 
stead of an RTS. The RTI opens the interrupt mask. Typ- 
ical RESET and IRO processes and their relationship to 
the interrupt mask are shown in Figure 7. 

Maximum interrupt response time is six machine cycles. 
This includes five cycles for the longest instruction plus 
one for stacking the PC and switching flags. | 











INTERRUPT 
MASK 
CLOSED 
INIT 
INITIALIZATION 
SUBROUTINE 
LAST INSTRUCTION 
RTI 
MASK 
OPEN 
INTERRUPT 
MASK 
CLOSED 
MASK 
OPEN 


Figure 7. Interrupt Mask 
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TIMER 


A block diagram of the MC68704P2 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com- 
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 


PRESCALER 


The prescaler is a 7-bit counter used to extend the max- 
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-2°, to divide-by-27. 


TIMER COUNTER 


The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec- 
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex- 
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 
time, the write takes precedence. TSCR bit one (TMZ) is 
not set until the next timer time out. 


TIMER PIN 


The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR bit 
5 (TOUT). This relationship is shown in the TIMER pin 
status section of Figure 8. The frequency of the internal 
clock applied to the TIMER pin must be less than tpyte. 
which is (fgsc/48). 


TIMER INPUT MODE 


In the timer input mode, TOUT is logic zero and the 
TIMER pin is connected directly to prescaler input. So, 
the prescaler is clocked by the signal from the TIMER pin. 
The prescaler divides the TIMER pin clock input by the 
prescaler tap. The prescaler output then clocks the 8-bit 
timer count register. When this register is decremented 
to zero, it sets TSCR bit one (TMZ). This TMZ bit can be 
tested under program control to tell when the counter 
register has reached zero. 


TIMER OUTPUT MODE 


In the output mode, the TIMER pin is output. TOUT is 
a logic one. The prescaler is clocked by the internal sync 
pulse. This pulse is a divide-by-48 of the internal oscillator 
(fosc/48). From this point on, operation is similar to that 
described for the input mode. However, in the output 
mode, once the prescaler decrements the timer counter 
to zero, the high TMZ bit state allows TSCR bit 4 (DOUT) 
to become direct input to the TIMER pin. 


NOTE 


TMZ is normally set to logic one when TCR dec- 
rements to zero and the timer times out. However, 
it may be set by a write of $00 to the timer counter 
or by a write to bit 7 of TSCR. 


TIMER COUNT REGISTER ($FE) 


The timer count register reflects the current count in 
the internal 8-bit counter. The register is the counter and 
can be read or written. 


7 0 
MSB LSB 
RESET: 


1 1 1 1 1 1 1 1 


TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 


7 6 5 4 3 2 1 0 
[tmz | — | tour | oour| Psi_| rse_| psi_| so | 


RESET: 
0 0 0 0 0 0 0 0 


TMZ — Timer zero 
1=Timer count register has reached the all zero’s 
state since the last time the TMZ bit was read 
0=This bit is cleared by a read of the TSCR if TMZ 
is read as logic one 
Bit 6 
Not used by this register 
TOUT — Timer output 
1= Output mode is selected for the timer 
0=Input mode is selected for the timer 
DOUT — Data output 
Latched data at this bit is sent to the TIMER pin 
_____ when both the TMZ and TOUT bits are logic high. 
PSI — Prescaler initialize 
1=Prescaler begins to decrement 
0=Prescaler is initialized and counting is inhibited 
PSO — PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 





It is recommended that MVI or loading and storing 
instructions be used when changing bit values in the 
TSCR. Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 
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During reset, the TSCR is set to all zeroes; the TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO- 
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 


TIMER PRESCALER REGISTER ($FD) 


The timer prescaler register reflects the current count 
of the 7-bit prescaler. This register is the prescaler counter 
and can be read or written. 


6 0 
MSB LSB 
RESET: 
1 1 1 1 1 1 1 
EPROM 


BREAKPOINT REGISTERS 

The breakpoint registers are used as a program de- 
bugging aid. To enable the breakpoint registers: 

— The MDS pin must be pulled high using a 300 ohm 

resistor to +5 volts. 

— In the Port A !/O register, both PA6 and PA7 pins 
must be pulled low using a 10 kilohm resistor to 
ground. 

A breakpoint address is written into address registers 
ARL and ARH by the user. The lower eight bits of the 
breakpoint address (A0-A7) are written into the ARL. The 
upper four bits (A8-A11) are written into the ARH. 


Breakpoint Address Register Low (ARL) ($0E) 

7 6 5 4 3 2 1 0 
jas | ae | as | az | a | fo | 
RESET: 

0 0 0 0 0 0 0 0 


A7-A0 
Breakpoint address bits A7 through AO. 


Breakpoint Address Register High (ARH) ($0F) 

7 6 5 4 3 Z 1 0 
px | x | x | x fan | ao | oas | as | 
er 0 0 0 0 0 0 0 


A11-A8 
Breakpoint address bits A11 through A8. 


NOTE 
ARL must be written after writing to ARH. 


ARL and ARH are concatenated to form the breakpoint 
address. When the processor fetches an instruction hav- 
ing the same address as the breakpoint address, the MDS 
pin goes logic low for one machine cycle. This operation 
does not alter program flow. 


MASK OPTION REGISTER (MOR) ($17) 


The MC68704P2 uses the EPROM MOR during emu- 
lation to select the clock/oscillator, port, and interrupt 
request edge- and level-sensitive triggering options avail- 
able on the MC6804J1/J2/P2 devices. The mask option 
register is not affected by RESET. 


7 6 i 4 3 2 1 0 
PORT PORT | PORT 
jose | |e] [P| me | | 
OSC — The oscillator option bit 
1 =Resistor/capacitor mode of operation 
0=Crystal mode of operation 
The crystal mode is selected in the EPROM pro- 
gramming mode, regardless of the state of OSC. 
PORT A — Port A output selection bit 
1=Open drain output mode 
0=Three-state output mode 
PORT B — Port B output selection bit 
1=Open drain output mode 
0=Three-state output mode 
PORT C — Port C output selection bit 
1= Open drain output mode 
___ _0=Three-state output mode 
IRO — Interrupt request bit 
1 =Level-sensitive triggering input mode 
0=Edge-sensitive triggering input mode 
Bits 6, 4, and 0 
Not used in this register 








Emulation 


The MC68704P2 MCU internal EPROM can be pro- 
grammed to emulate either the MC6804J1, MC6804J2, 
or the MC6804P2 MCU device. While the M6805 Family 
of EPROM MCUs have an on-chip bootstrap-loader pro- 
gram stored in mask ROM, the MC68704P2 does not. 
Additional programming hardware and software are re- 
quired to program this MCU EPROM. For more specific 
information regarding the programming and erasing of 
the MCU EPROM; see application note, WC68704P2 8-Bit 
EPROM Microcomputer Programming Module (AN-942). 


Emulation Limitations 


This EPROM MCU is designed to emulate the functions 
of the MC6804J1/J2/P2 devices as closely as possible. 
Limitations to this capability pertain to the CMOS pull- 
up option, execution out of data space, and packaging 
pin assignments of the MCU being emulated. The limi- 
tations do not apply to the timing, execution speed, or 
functionality of the MCU being emulated. 

This MCU cannot emulate the CMOS pullup option. To 
implement the CMOS option, external 40 kilohm pullup 
resistors are connected to the specific I/O port signal lines. 
All other options are available through correct use of the 
MOR bytes. 

It was necessary that the PC of this MCU have access 
to both the program and data space EPROM because of 
the implementation of the MCU programming hardware. 
Therefore, the MC68704P2 will execute code out of the 
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data space EPROM ($18-$5F). This anomaly is not per- 
mitted on the MC6804J1/J2/P2 ROM devices. When plan- 
ning on operating ROM patterns from this EPROM MCU, 
the programmer should not use data space as extra pro- 
gram space. 

The MC6804J1/J2 devices are packaged in 20-pin dual- 
in-line (DIL). The MC6804P2 and the MC68704P2 devices 
are packaged in 28-pin DIL packages. Device pin assign- 
ments must be adhered to. When emulating a 20-pin 
MCU with this EPROM MCU, all unused pins (PAO-PA3, 
PCO-PC3) should be grounded externally through a 10 
kilohm resistor. This allows the MC68704P2 to emulate 
the software execution exactly as it would occur on the 
20-pin device. 


EPROM ERASING 


This MCU EPROM is erased by exposure to a high in- 
tensity ultraviolet light (UV) with a wavelength of 2537 
Angstrom. The recommended dosage is 15Ws/cm2, (UV 
intensity at EPROM surface/area to be erased). UV lamps 
should be used without filters. The MC68704P2 should 
be positioned about one inch from the UV source. The 
duration of the exposure is a function of the radiant 
strength of the individual UV source. 


EPROM PROGRAMMING HARDWARE 


The MC68704P2 programming module, shown in Fig- 
ure 9, is used to program the MC68704P2 MCU EPROM. 
To do this, the module requires a 2K EPROM of the 2716 
type, a +5 Vdc power supply, and either a MC68705P3 
or MC6805P2 MCU as the module MCU. For more specific 
information regarding the hardware and procedures nec- 
essary to program the MC68704P2; see either the ad- 
vanced information data sheet for MC6804J1, MC6804J2, 
MC6804P2, and MC68704P2 8-bit microcomputers 
(MC6804J1/D) or application note, MC68704P2 8-Bit 
EPROM Microcomputer Programming Module (AN-942). 


INSTRUCTION SET 


The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


‘Most of these instructions use two operands. One op- 
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 


A 


following list of instructions. 


Load A from Memory 
Load XP from Memory 
Load YP from Memory 
Store A in Memory 
Add to A 

Subtract from A 


LDA 
LDX 
LDY 
STA 

DD 
SUB 
















pFunction 
FTransterAtoveSSSSCSC~CAY_—* 
[Transfer YPtoA | TVA 
Arithmetic Compare with Memory 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 















pFunction 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list of instructions. 


Branch if Equal 





~ BIT MANIPULATION INSTRUCTIONS i 


The MCU is capable of setting or clearing any bit which. 
resides in the 256 bytes of data space, where all port 
registers, port DDRs, timer, timer control, and on-chip 
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RAM reside. An additional feature allows the software to 
test and branch on the state of any bit within these 256 
locations. The bit set, bit clear, and bit test and branch 
functions are all implemented with a single instruction. 
For the test and branch instructions, the value of the bit 
tested is also placed in the carry bit of the condition code 
register. Refer to the following list of instructions. 


| Function | Mnemonic 











CONTROL INSTRUCTIONS 


These instructions are used to control processor op- 
eration during program execution. The jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc- 
tions. 


| Function | Mnemonic_| 
[No Operation | NP 












Jump to Subroutine 
Jump Unconditional 





IMPLIED INSTRUCTIONS 


Since the accumulator and ail other registers are lo- 
cated in RAM, many implied instructions exist. Some of 
the instructions recognized and translated by the assem- 
bler are shown below: 


| Becomes | Mnemonic | Becomes 
Imvisgo #0 [NOP [BEQIPC) +1_| 
inca fincsee | 



















Some examples of valuable instructions not specifi- 
cally recognized by the assembler are shown below: | 








BCLR 7,$FF Ensures A is plus | 
BSET 7, $FF Ensures A is minus 


BRCLR 7, $FF 
Branch if A is minus 


OPCODE MAP 


Table 1 is a listing of all the instruction set opcodes 
applicable to the MC6804P2 MCU. 












Branch if A is plus 






ADDRESSING MODES 


The MCU has nine different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. It deals with objects in three dif- 
ferent address spaces: program space, data space, and 
stack space. The term “effective address” (EA) is used in 
describing the various addressing modes. Effective ad- 
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is lo- 
cated in program ROM. It is contained in the byte im- 
mediately following. the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes of data space with a single two- 
byte instruction. 


SHORT DIRECT 


In the short direct addressing mode, the MCU has four 
locations in data space RAM it can use, ($80, $81, $82, 
and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct 
addressing is a subset of the direct addressing mode. 
The X and Y registers are at locations $80 and $81, re- 
spectively. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 
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Abbreviations for Address Modes 


INH Inherent 

$-D Short Direct 

B-T-B Bit Test and Branch 
IMM Immediate 

DIR Direct 

EXT Extended 

REL Relative 

BSC Bit Set/Clear 

R-IND Register Indirect 


Register/Memory, Control, and Bit Manipulation Register/Memory and 

Branch Instructions sce iteAM mereuctions TONS Rebel Moriy/Wrte 
H 0 1 2 3 4 5 6 7 
Pe 0000 0001 0010 0011 0100 0101 0110 0111 


JSRn ae 
REL |1 REL |? REL} 1 REL | 1 REL |1 REL | 1 EXT | 2 





2 2 
BEQ BEQ 
ne REL} 1 REL | 1 REL} 1 
4 
JSRn sia ~ BRCLAG | BCLR6 INC 
REL | 1 nn 1 oa 1 REL | 1 REL | 1 REL |1 ae 1 EXT ESC are R-IND 

JSRn ee 

o1n REL | 1 REL |1 REL} 1 REL} 1 REL | 1 REL | 1 EXT 
JSRn JMPn " BRSETO BSETO 

ae oo 1 REL | 1 av 1 REL} 1 on 1 REL |1 REL | 1 EXT} 1 S-D] 1 SO 8-T-8 BSC IMM | 2 DIR 1000 

4 

JSRn JMPn DEC " BRSET! 

‘ei er 1 REL | 1 REL | 1 eae 1 REL] 1 REL |1 REL | 1 EXT {1 1 sD]3 

1 


2 2 2 2 2 

Cc BNE BNE BEO BEQ BCC 

1100 1 REL} 1 REL | 1 REL| 1 REL] 1 REL 
2. 2 2 2 

D BNE BNE BEO BEQ 

“1101 1 REL| 1 REL | 1 REL] 1 REL REL 
2 2 2 2 

E BNE BNE BEQ BEQ 

1110 1 REL| 1 REL} 1 REL | 1 REL REL 
2 2 2 2 

F BNE BNE BEQ BEQ 

nM 1 REL] 1 REL|1 REL| 1 REL REL 


ae xT 
5 als Maal XT 
cs xT 
2 2 2 2 4 4 

BNE BNE BEQ BEQ BCC BCC ae JMPn DEC ° BRSETS BSET3 SUB SUB 

1 REL| 1 REL | 1 REL | 1 REL | 1 REL | 1 REL EXT] 1 1 $o/3 B.T-B| 2 ESC IMM | 2 DIR 
R =e EXT 
a xT 
— xT 


Table 1. Opcode Map 










4 
JSRn EES " BRCLAG BCLRO LDA 0 
EXT | 2 8-T-B ESC R-IND | 1 R-IND 0000 


" BRCLA 








o 
N 


@ 
4 





IMM 

JSRn ora " BRCLR2 BCLR2 ADD ADD 2 

L REL | 1 REL |} REL | 1 REL |1 REL | 1 EXT | 2 INH BT.B| 2 1 R-IND | 1 R-IND 0010 
4 4 

JSRn se " BRCLRS SUB SUB 3 

L REL | 1 REL | 1 REL |1 REL {1 EXT | 2 INH B-T-B| 2 1 R-IND | 1 R-IND 0011 
4 4 

JSRn aM COMA " BRCLAA CMP CMP 4 

1 REL | 1 REL | 1 REL | 1 REL |1 REL | 1 EXT | 2 INH BT-B|2 1 R-IND | 1 R-IND 0100 
4 

JSRn oe ROLA " BRCLAS BCLR5 AND AND 5 

REL} 1 REL |1 REL } 1 EXT {2 INH B-T-B ESC R-IND R-IND 0101 


~ BRCLAT | BCLR7 DEC 7 
BSC R-IND R-IND 0111 


a 


LDA 8 


a 


a 


STA 9 
R 1001 


4 
@ 
N 
Qo 


> 








4 
JSRn JMPn DEC * BASET2 BSET2 ADD ADD A 
REL | 1 REL EXT] 1 1 $-0}3 BTB}2 ESC IMM | 2 DIR 1010 


nN 


a 





4 

JSRn JMPn STA ” BRSETA BSET4 CMP CMP Cc 
1 1 SD}3 B-TB| 2 ESC {2 IMM DIR 1100 

4 4 4 

JSRn JMPn STA ° BRSETS AND AND 
EXT] 1 1 SD}3 B-T-B| 2 ‘SC |2 IMM | 2 DIR 

4 5 4 
JRSn JMPn STA BRSET6 BSET6 
EXT| 1 1 SD}3 8-1-8 | 2 BSC 
4 
STA 


JSRn JMPn ° BRSET7 BSET7 # DEC F 
REL | 1 2 exT | 2 EXT | 1 $D{1 S$o]|3 BTB|2 BSC 2 DIR Ww 





Nn a 
2 
io) 

Q 

x 

am 

3 














LEGEND 


* 


Indicates Instruction Reserved for Future Use 


#f Indicates Illegal Instruction ; ’ 
Opcode in Hexadecimal 


Cycles 
Mnemonic 
Bytes 


Opcode in Binary 


Address Mode 
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RELATIVE 

The relative addressing mode is only used in condi- 
tional branch instructions. In relative addressing, the con- 
tents of the 8-bit signed byte (the offset) following the 
opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 
— 15 to + 16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that it is within the span of the branch. 


BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ- 
ten to can be set or cleared with a single 2-byte instruc- 
tion. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write only registers (registers at $04, $05, and $06). 
A read operation on these registers is undefined. 
Since BSET and BCLR are read-modify-write func- 
tions, they cannot be used to set or clear a DDR bit; 
all “unaffected” bits would be set. Write all DDR 
bits in a port using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol- 
lowing the opcode byte. The third byte is sign extended 
to twelve bits and becomes the offset added to the PC if 
the condition is true. This single 3-byte instruction allows 
the program to branch based on the condition of any 
readable bit in the 256 locations of data space. The span 
of branching is from —125 to +130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry flag. 


REGISTER-INDIRECT 


In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


This device contains circuitry to protect the in- 


| Rating | Symbol] Value | Unit _| 
Ta 

| 

Ty 










puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation it is recommended that Vip and Voyt be con- 
strained to the range Vss < (Vjn or Vout) = Vcc. 
Reliability of operation is enhanced if unused in- 
puts except EXTAL are connected to an appro- 
priate logic voltage level (e.g., either Vss or Vcc). 


Operating Temperature Range (Ind.) | oT; | —40 to +85 
Storage Temperature Range —55 to +150 
Junction Temperature (Cerdip) [is ee ee 


THERMAL CHARACTERISTICS 


Symbol| Value | Unit 


_ | Thermal Resistance BJA 
Cerdip 


Vcc = 5.2 V 














Vec = 5.2 V 
TEST MMD6150 
POINT OR EQUIV. 


TEST MMD6150 
POINT OR EQUIV. 





10 ko 4kQ 


MMD7000 40 pF 
OR EQUIV. (TOTAL) 


MMD7000 
OR EQUIV. 


Figure 10. LSTTL Equivalent 
Test Load (Ports A, C, 
and TIMER) 


Figure 11. LSTTL Equivalent 
Test Load (Port B) 
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POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat(Pp * 8ya) (1) 
where: 
TA = Ambient Temperature, °C 
OIA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pint+Pport . 
PINT =Icc x Vcc, Watts — Chip Internal Power 


Peart = Port Power Dissipation, 
Watts — User Determined 


For most applications PporT<Pinz and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 


Pp=K= (Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp ° (Ta +273°C) + byarPD2 (3) 


where K is a constant pertaining to the particular part. 
K can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ta. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta. 


PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vcc = +5.0 Vde+0.5 Vde, Vgg = GND, Ta =20°C to 30°C, unless otherwise noted) 










ELECTRICAL CHARACTERISTICS 









SWITCHING CHARACTERISTICS 


(Vcc = +5.0 Vde+0.5 Vdc, Vgg = GND, Ta=0°C to 70°C, unless otherwise noted) 







Characteristic | Symbol 
pp Supply Current (Vpp=220V) | 


(Vcc = +5.0 Vdc +0.5 Vde, Vgg = GND, Ta =0°C to 70°C, unless otherwise noted) 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vcc = +5.0 Vdce+0.5 Vdc, Vgg = GND, Ta=0°C to 70°C, unless otherwise noted) 


Ports A and C (Open Drain) 









Output Low Voltage, liad =0.4mA 


Hi-Z State Input Current 
Open Drain Leakage (Vout=Vcc) 





Output Low Voltage, ILoad =0.4 mA f= Wap. ol 
Output High Voltage, lLoad = —50 pA Von | 


VOL 

VOH 
| 
| tsi 






ITS| 





(a) OSCILLATOR — 1-2 TIMING 


$1 _| | | | | 
b2 | | | | | | a 


(b) #1 — SYNC TIMING 
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Figure 12. Clock Generator Timing Diagrams 
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Ip_. LOW-LEVEL OUTPUT CURRENT (mA) 





Voy, LOW-LEVEL OUTPUT VOLTAGE (mV) 


X= SPEC PT. 


Figure 13. Typical VoL vs IOL 
for Ports A, C, and Timer 


~ 100 






EXPECTED 
MIN 4.5 V 
85°C 








5 3.0 3.5 4.0 4.5 


2.0 2. 5.0 


lon. HIGH-LEVEL OUTPUT CURRENT (A) 





— 400 


Vou, HIGH-LEVEL OUTPUT VOLTAGE (V) 
X= SPEC PT. 


Figure 15. Typical VQuH vs IQH for Port B 


IoH. HIGH-LEVEL OUTPUT CURRENT (A) 
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X = SPEC PT. 
Figure 14. Typical VOH vs IOH 
for Ports A, C, and TIMER 
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Figure 16. Typical VoL vs lo, for Port B 


ORDERING INFORMATION 


The MC68704P2 EPROM MCU device is only available in the 28-pin ceramic dual-in-line (CERDIP) package. The 
following table provides information pertaining to the temperature and MC order numbers of the MC68704P2. 


Table 2. Generic Information 
Package Type Temperature 


Cerdip O°C to 70°C 
(S Suffix) —40°C to +85°C 









Order Number 


MC68704P2S 
MC68704P2CS 
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MECHANICAL DATA 


PIN ASSIGNMENTS 





Vss 1 © 28 [] RESET 
iRo Qj 2 27 {] PA7 
Vec U 3 26 tj PAG 
EXTAL [] 4 25 [PAS 
XTAL {5 24 {] PAS 
mos [] 6 23 [] PA3 
TIMER J 7 22 []PA2 
Pcot 8 21 1) PAt 
pcif}9 20 [) PAO 
PC2 {J 10 19 [] PB7 


PC3 Uj 11 18 [J PB6 
PBO fj 12 17 1 PBS 
PBI} 13 16 {Jj PB4 
PB2 Lj 14 15 Lj PB3 
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TECHNICAL DATA MIC68HC04J2 


Technical Summary 
8-Bit Microcontroller Unit 


MC68HC04J2 HCMOS microcontroller unit (MCU) device is a member of the M6804 Family of sin- 
gle-chip microcontrollers. This device displays all the versatility of an MCU whose design-ability to 
process 8-bit variables one bit at a time already makes it tremendously cost effective. 

This technical summary contains limited information on the MC68HC04J2. For detailed informa- 
tion, refer to the advanced information data sheet for the MC68HC04J2, MC68HC04J3, and 
MC68HC04P3 8-bit microcontrollers (MC68HC04J2/D), or to the M6804 MCU Manual, DLE404/D. 

Major hardware and software features of the MC68HC04J2 MCU are: 

@ On-Chip Clock Generator e True Bit Manipulation 

@ Memory Mapped I/O Bit Test and Branch Instruction 

@ Software Programmable 8-Bit Timer with 368 Bytes Self-Check ROM 

7-Bit Prescaler Conditional Branches 

e@ Single Instruction Memory Examine/ Timer Pin is Software Programmable as 
Change Clock Input or Timer Output 
72 Bytes of User Data ROM 1672 Bytes of User Program ROM 
User Selectable Input Drive Options 30 Bytes of User RAM 
Optional Pull Down Devices on I/O Ports 


Mask Selectable Edge- or Level-Sensitive Interrupt Pin 





BLOCK DIAGRAM 






















aT XTAL EXTAL RESET MDS {RO 
Timer oa 
, 
Timer/Status Oscillator 
Control Register 
A 
CPU 
Indirect Control 
PAG Register x 
PBO 
Port PAS as Data Indirect PBI 
A Register PB2 Port 
1/0 A Dir. Y Data Port PB3 B 
Lines PA6 Reg. Reg. Dir. B pp4 1/0 
Stack a. } Reg. | Reg. | PBS Lines 
PA7 PB6 
Program 
PB7 
Counter ALU 
High PCH 30x 8 
1672 x8 Program Data RAM 
User Program ROM Counter 


368 x 8 
Seif-Check ROM 







Low PCL} 


72x8 
Data ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vpp AND Vss 


Power is supplied to the MCU using these two pins. 
VDD is power, and Vssg is ground. 


IRQ 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. A pull-up resistor 
on this pin is a manufacturing mask option. 


EXTAL AND XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man- 
ufacturing mask option. The different clock generator op- 
tions are shown in Figure 1, along with crystal 
specifications. 


Internal Clock Options 


The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start up, neither the 
crystal characteristics nor load capacitances should ex- 
ceed recommendations. When using the on-board oscil- 
lator, the MCU should remain in a reset condition, with 
the RESET pin voltage below Vjpgs +, until the oscillator 
has stabilized at its operating frequency. 





TIMER 


Two TIMER input modes as well as an output mode 
are available. In the input modes, the TIMER pin is con- 
figured as either a TIMER enable, or as the TIMER clock. 
In the output mode, the TIMER pin may generate tran- 
sitions upon each occurence of timer underflow. 


RESET 


The RESET pin is used to restart the processor to the 
beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 






MC68HC04J2 MC68HC04J2 





XTAL EXTAL 


XTAL EXTAL 





Clock 


T | Input 


Crystal 





External Resistor 
Capacitor 
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XTAL 


External Clock 


jump instruction to the first instruction of the main pro- 
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MCU. A pullup resistor on this 
pin is a manufacturing mask option. 





MDS 


The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or ROM verify mode. 
However, if MDS is logic low at the end of the reset state, 
the single-chip operating mode is automatically selected. 


No external diodes, switches, transistors, etc. are re- 


quired for single-chip mode selection. 


INPUT/OUTPUT LINES (PA4-PA7, PB0O-PB7) 


These 12 lines are arranged into one 4-bit port (A) and 
one 8-bit port (B). All lines are programmable as either 
inputs or outputs under software control of the data di- 
rection registers. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


There are 12 input/output pins. The 12 bidirectional 
lines can be selected to have internal pulldowns at the 
time of manufacture. All pins of each port are programm- 
able as inputs or outputs under the control of the data 
direction registers (DDR). 

The port I/O programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one for 
output, or a logic zero for input, as shown in Figure 2. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the I/O pins are CMOS compatible as both inputs 
and outputs. Their standard configuration as outputs is 
three-state drive. Port B outputs are LED compatible. In 
addition, certain pins of both ports may be ordered 
equipped with pull down resistors. 


Crystal Parameters Cy 


L4 Rs 


EXTAL 4 Co XTAL 5 


EXTAL 


Crystal Parameters = 
AT — Cut Parallel Resonance Crystal 
Co=7 pF Maximum 
Freq=11 MHz 
Rs =50 Ohms Maximum 


NC to 
device pin 


Piezoelectric ceramic resonators which 
have the equivalent specifications may 
be used instead of crystal oscillators. 
Follow ceramic resonator manufactur- 
er’s suggestions for Co, Cz, and Rs 
values. 


Figure 1. Clock Generator Options and Crystal Parameters 
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Data 
Direction Register 
Bit 


Latched 
Output 
Data Bit 


Internal 
Connections 


Data 
Direction 
Register 

Bit 





Figure 2. Typical !/O Port Circuitry 


Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. This can be 
used as a tool to initialize the data registers and avoid 
undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor- 
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 


Pull Down Device Option 


The use of pull down devices on particular groupings 
of I/O ports is a manufacturing mask option available to 
the user. It is of use in applications where keyboards are 
interfaced directly to the MCU and similar situations. This 
option is available in the following configurations: 


V/O Port Resistor-Option Pin Groupings 
PAG-PAT 
PB3-PB7, PB4-PB7, PB1-PB2, PBO 


Port Data Registers ($00, $01) 


The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 

The source of data read from the port register is either 
the port I/O pin or previously latched output data. The 
source depends upon the contents of the corresponding 
DDR. The destination of data written to the port data 
register is an output data latch. If the corresponding DDR 
for the port I/O pin is programmed as an output, the data 
appears on the port pin. 











Port A ($00) 
7 6 5 4 3 2 ] 0 
eM eA les IIe Sede Ie Dea ee 
| Port B ($01) 
7 6 5 4 3 2 1 0 


With regard to Port A only, the four LSB bits are unused. 
They are ‘‘don’t care” (X) bits when written to, but are 
always logic high when read. 


Port Data Direction Registers ($04, $05) 


Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
act as an input or an output. A zero in the pin’s corre- 
sponding DDR bit programs it as an input. A logic one 
programs it as an output. On reset, all the DDRs are in- 
itialized to a logic zero state to put the ports in the input 
mode. 


Port A ($04) 

7 6 5 4 3 2 1 0 
pt | LT lo Flo flo fl | 
Port B ($05) 

7 6 5 4 3 2 1 0 


With regard to Port A DDR only, the four LSB bits are 
cleared after reset. These bits must not be set (logic one). 


MEMORY 


The MCU memory map (Figure 3), consists of 4352 
bytes of addressable memory, I/O register locations, and 
stack space. This MCU has three separate memory spaces; 
program space, data space, and stack space. 

The MCU is capable of addressing 4096 bytes of pro- 
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro- 
gram space memory includes self-check ROM, program 
ROM, self-check and user program vectors, and reserved 
memory locations. 

A non-accessible subroutine stack space RAM is pro- 
vided. This stack space consists of a last-in-first-out (LIFO) 
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Bytes Address 


0000 $000 


Reserved 
(2720 Bytes) 


2719 
2720 


SAQF 
$AA0 


Self-Check ROM 
(368 Bytes) 


$COF 
$C10 


Program ROM 
(1000 Bytes) 


4087 SFF7 
4088 Self-Check ene 
SOn0 Self-Check ie 
4091 Restart Vector 7 -$FFB 
4092 ee SFFC 
__User | | 
4098 7 ie Vector _| sFFD 
4094 | SFFE 


User 
“Restart Vector 









Program Space 


| Level 1 7 : 


err 





Level 3 
: Level 4 


aoe Stack Space : 2 


| sFFF 


3-358 



















Bytes Address 
000 Port A Data Register $00 
001 Port B Data Register $01 
002 Reserved $02 

(2 Bytes) 
003 | $03 
004 Port A DDR $04 
005 Port B DDR $05 
006 

Reserved $06 

(3 Bytes) 
008 : $08 
009 Timer Status Control Register $09 
010 Low Byte CRC SOA 
011 High Byte CRC $0B 


012 SOC 


Reserved 
(12 Bytes) 







$17 
$18 


023 
024 








User Data Space ROM 
(72 Bytes) 











095 SSF 
sss Reserved ee 
127 (32 Bytes) S7E 
129 $81 


Indirect Register Y 


User Data Space RAM 
(30 Bytes) 


130 $82 


159 
160 


SOF 
$A0 


Reserved 
(93 Bytes) 


Prescaler Register 
Timer Count Register 


Data Space | 







252 | SFC 






253 SED 





254 SFE 


255 SFF 


eo Figure 3. Memory Map 
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register. This register is used with inherent addressing 
to stack the return address for subroutines. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad- 
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The operations allowed are 
increment, decrement, load, and store. Data space lo- 
cations $82 and $83 can be used for 8-bit counter loca- 
tions. 


Program ROM Protect 

A manufacturing mask option available to the user en- 
ables program ROM protection. Enabled, this option pre- 
vents the ROM contents from being output during self- 
check/ROM verify. This option does not prevent a go, no- 
go test of the ROM contents using the ROM verify mode. 


REGISTERS 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 0 


INDIRECT REGISTERS (X,Y) 


These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac- 
cessed with the direct, indirect, short direct, or bit set/ 
clear modes. 





7 0 
| X | 
yi 0 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched from program 
space. The program counter is contained in low byte (PCL) 
and high nibble (PCH). 


11 8 7 0 
PCH PCL 


FLAGS (C,Z) 


The first flag, the carry (C) bit, is set on a carry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 


Otherwise, it is cleared. Bit test instructions do not affect 
the Z bit. 


NORMAL AND INTERRUPT FLAGS 


There are two sets of these flags. One set is for interrupt 
processing (the interrupt mode flags). The other set is for 
normal operations (the program mode flags). When an 
interrupt occurs, a context switch is made from the pro- 
gram flags to the interrupt flags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 


NORMAL FLAGS 


INTERRUPT FLAGS 


STACK 


A last-in-first-out (LIFO) stack is incorporated in the MCU 
that eliminates the need for a stack pointer. This non- 
accessible subroutine stack space is implemented in sep- 
arate RAM, 12-bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg- 
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 


CRC REGISTERS 


Two 8-bit registers are implemented in RAM primarily 
as self-check and ROM verify modes. The two registers 
are memory mapped in data space at addresses $0A (CRC 
low), and $0B (CRC high). 

Provided no write or read/modify/write operation is used 
to change the contents of these two locations, the reg- 
isters are configured to perform CRC calculations. By sim- 
ply reading a register, a pseudo-random number can be 
generated. 

lf a write or a read/modify/write is performed on ad- 
dresses $0A or $0B, then the CRC circuitry is disabled. 
Both registers can be used as RAM locations until the 
next RESET. RESET enables the CRC circuitry again. 








SELF CHECK 


The MCU implements two forms of internal check, self 
check and ROM verify. Self check performs.an extensive 
functional check of the MCU using a signature analysis 
technique. ROM verify uses a similar method to check 
the contents of program ROM. 


MOTOROLA MICROPROCESSOR DATA. 


3-359 








MC68HC04J2 


Self-check mode is selected by holding the MDS and 
PA7 pins logic high, and PA6 logic low as RESET goes 
low to high. ROM verify mode is entered by holding MDS, 
PA7, and PA6 logic high as RESET goes low to high. 
Unimplemented program space ROM locations are also 
tested. Monitoring the self-check mode’s stages for suc- 
cessful completion requires external circuitry. 








RESET 


The MCU can be reset by initial power up or by external 
reset input (RESET). 





POWER-ON-RESET (POR) 


During a power-on-reset, the timer is used to count 
1920 external clock cycles. This allows the oscillator to 
stabilize before releasing the internal reset, irrespective 
of the state of the RESET pin. If the RESET pin is low at 
the end of the delay, the processor remains in the reset 
condition. 











Figure 4. Power Up RESET Delay Circuit 


RESET 


A reset can also be achieved by pulling the RESET pin 
to logic low for a minimum of two clock cycles. The delay 
_ Is not implemented in this case. 


INTERRUPT 


There are two ways this MCU can be interrupted; by 
applying a logic low signal to the IRQ pin, or by a positive 
transition of the TMZ bit of TSCR with the ETI bit set. 
However, a manufacturing mask option determines 
whether the falling edge or the actual low level of the 
IRQ pin is sensed to indicate an interrupt. 


EXTERNAL INTERRUPT EDGE-SENSITIVE OPTION 


When the IRQ pin is pulled low, the internal interrupt 
request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initiated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 
5 contains a flowchart that illustrates the interrupt and 
instruction processing sequences. 


The interrupt sequence consists of one cycle during 
which: 


The interrupt request latch is cleared; 

The interrupt mode flags are selected; 

The program counter (PC) is saved on the stack; 
The interrupt mask is set; and 

The IRQ vector jump address is loaded into the PC. 


The IRO vector jump address is $FFC-$FFD in the single- 
chip mode and $FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other ROM word. So, it is essential that the vector 
contents specify a JMP instruction in addition to the start- 
ing address of the interrupt service routine. If required, 
this routine should save the values of the accumulator 
and the X and Y registers, since these values are not 
stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur- 
ing RTI the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro- 
gram is then fetched and executed. 

When STOP is processed, the interrupt mask is cleared 
and the oscillator stopped. Checks are made for either 
REST or IRQ. If RESET is detected, the RESET sequence 
is initiated. If IRQ is detected, the system oscillator is 
enabled along with the clock. In both cases, a delay is 
executed by the timer to allow oscillator stabilization be- 
fore the CPU is enabled and the interrupt serviced. 

When WAIT is processed, the interrupt mask is cleared 











and the CPU clock disabled. The interrupt latch is tested. 





Detection of RESET initiates the RESET sequence. Detec- 
tion of IRO or timer interrupt enables the CPU clock and 
initiates servicing of the interrupts. 

When RTI is processed, the program counter is pulled 
from the stack. The program flags are selected and the 
interrupt mask cleared. The interrupt latch is then tested 
before the next instruction. 

When the interrupt was initially detected and the in- 
terrupt sequence started, the interrupt request latch was 
cleared so that the next interrupt could be detected. This 
was done even as the first interrupt was being serviced. 
However, even though the second interrupt set the in- 
terrupt request latch during the first interrupt’s process- 
ing, the second interrupt’s sequence cannot begin until 
completion of the interrupt service routine for the first 
interrupt. Completion of an interrupt service routine is 
always accomplished using an RTI instruction to return 
to the main program. The interrupt mask, which is not 
directly available to the programmer, is cleared during 
the last cycle of the RTI instruction. 


EXTERNAL INTERRUPT EDGE/LEVEL-SENSITIVE 
OPTION 


The edge/level-sensitive option performs as described 
in the preceding section but adds the potential for level- 
sensitive operation. Level-sensitive operation tests the 
state of the IRQ and initiates and interrupt service routine 
if the IRQ pin is found to be logic low. 
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External Interrupt Request Flow 


Set 


Clear IRO 
Latch 


Perform 
Interrupt 
Routine 


Clear IRO 
Latch 


Perform 
Interrupt 
Routine 









Underfiow 
TSCR bit 7 






Timer 
Interrupt 
Enabled 
TSCR bit 6 
Low? 






Timer Interrupt 
Request Flow 


<a> 


Figure 5. Interrupt Sequences 


POWER UP AND TIMING 


During the power up sequence, the interrupt mask is 
closed. This precludes any false interrupts. The PC is also 
loaded with the appropriate restart vector (jump instruc- 
tion). 

To open the interrupt mask, the user should do a JSR 
to an initiahzation subroutine that ends with an RTI in- 
stead of an RTS. The RTI opens the interrupt mask. Typ- 
ical RESET and IRQ processes and their relationship to 
the interrupt mask are shown in Figure 7. 

Maximum interrupt response time is eight machine 
cycles. This includes five cycles for the longest instruction 
plus one for stacking the PC and switching flags. Two 
additional cycles are used to synchronize IRQ input with 
the internal machine cycle frequency. 


TIMER INTERRUPT 

A timer interrupt is requested by a transition of the 
TMZ bit of the timer status/control register (TSCR) from 
logic low to high. Such a positive transition is caused 
either by the timer count register reaching the all zero 


state, or by any program instruction that writes a one to 
the TMZ bit. 

The timer interrupt request is maskable by clearing bit 
6 of the TSCR (ETI bit). ETI is cleared by RESET. 

During the interrupt routine, to determine whether an 
interrupt was caused externally or by the timer, it is nec- 
essary to test the state of the TMZ bit in the TSCR. 

It is important to service a timer interrupt and clear the 
TMZ bit before the timer counter underflows again. Oth- 
erwise, because only a single interrupt can be latched, 
there is no way of telling how many timer interrupts occur 
while the original interrupt is being serviced. 





LOW-POWER MODES 


STOP 

The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, causing all internal processing and 
the timer to be halted. Current consumption is thus 
dropped to leakage levels. 
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Power Up Detect 








Oscillator Active 
Timer Clock Enable 
CPU Clock Disable 
$00 — DOR’s 
Preset Timer 









Unstack PC 
Clear | Mask 
Select Prgm Flags 










Oscillator Active 
Timer Clock Enable 
CPU Clock Disable 
Preset Timer 








CPU Clock Enable 






















CPU Clock Enable 
$00 — DDR's Timer Counts Delay Fetch Instruction 
Set | Mask To Stabilise Oscillator Execute Instruction 
Clear IRQ Latch 
$FF — TCR 


Stack PC 
Set | Mask 


$00 — TSCR rt o 
Select Prgm Flags 5 S Select INT Flags 
c 






Load INT Vector 
Into PC 


Load Reset Vector 
Into PC 


Figure 6. Instruction Processing Sequence 
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JMP-Start 
Vector (FFE-FFF) 


Start (Routine) 
Instruction (I-N) 


Last Instruction 


JSR INIT 


Program 


IRO 
Recognized 


iRO 
Service 
Routine 


Last Instruction 


RTI 





Program 











Interrupt 
Mask 
Closed 
INIT 
Initialization 
Subroutine 
Last Instruction 
RTI 
Mask 
Open 
Interrupt 
Mask 
Closed 
Mask 
Open 


Figure 7. Interrupt Mask 


Providing the supply voltage remains within data sheet 
limits, the contents of the TSCR, accumulator, and all data 
space RAM remain unchanged in STOP mode. 
__Causing an interrupt or reset by pulling the RESET or 
IRQ pins low is the only way to bring the processor out 
of STOP mode. During this exit from STOP, the timer is 
used to provide the delay time necessary for the oscillator 
to stabilize. So, the prescaler and timer count register 
contents must be considered corrupted. 


WAIT 


The WAIT instruction places the MCU in a low power 
consumption mode, but the WAIT mode consumes 


somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock is disabled from all internal cir- 
cuitry except for the timer. So, all internal processing is 
halted. However, the timer continues to decrement nor- 
mally if the PS! bit of TSCR is set. 


During the WAIT mode, external interrupts are enabled. 
All other registers, memory, and |/O lines remain in their 
last state. Pulling the IRQ or RESET pin to logic low causes 
an exit from the WAIT mode. In addition, ETI bit of TSCR 
can be enabled by software prior to entering the WAIT 
state. This allows an exit from WAIT via a timer interrupt 
as well as via external interrupts. 
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Figure 8. Timer Block Diagram 


TIMER 


A block diagram of the MC68HC04J2 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com- 
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 


PRESCALER 


The prescaler is a 7-bit counter used to extend the max- 
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-29, to divide-by-27. 


TIMER COUNTER 


The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec- 
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex- 
ample, if a value is written to the timer count register, 
and this write and a decrement-to-zero occur at the same 


time, the write takes precedence and TSCR bit one (TMZ) 
is not set until the next timer time out. 


TIMER PIN 

The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR 
bits 4 (DOUT) and 5 (TOUT). Two distinct input modes 
exist; input gated mode and input event counter mode. 
This relationship is shown in the TIMER pin status section 
of Figure 8. The frequency of the internal clock applied 
to the TIMER pin must be less than tpyte, which is the 
frequency of the oscillator divided by either 12, 24, or 48. 
Whether fogc is divided by 12, 24, or 48 is determined by 
the clock divide ratio, which is selected by the manufac- 
turing mask. 


TIMER INPUT EVENT COUNTER MODE . 

In the timer input event counter mode, both TOUT and 
DOUT are logic zero. The TIMER pin is effectively con- 
nected directly to prescaler input. So, the timer/prescaler 
is clocked by the signal applied from the TIMER pin. 


_ TIMER INPUT GATED MODE 


In the input gated mode, TOUT is logic zero and DOUT 
is logic one. The timer pin is an input which decrements 
the prescaler each machine cycle as long as timer pin is 
logic high. When the pin is logic low, counting is inhib- 
ited. This mode permits the counting of the period of 
time during which the timer pin is logic high, based on 
the system clock and prescaler values. Gate times are 
fosc/12, fosc/24, and fosc/48. 
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TIMER OUTPUT MODE 


In the output mode, TOUT is logic one and the TIMER 
pin is connected to the DOUT latch. So, the timer pres- 
caler is clocked by the internal sync pulse. This pulse is 
a divide-by-12, 24, or 48 of the internal oscillator de- 
pending on the mask option. However, in the output mode, 
once the prescaler decrements the timer count register 
to zero, the low TSCR bit 1 (TMZ) bit state is used to drive 
the data latched at TSCR bit 4 (DOUT), onto the TIMER 
pin. 


NOTE - 


TMZ is normally set to logic one when TCR dec- 
rements to zero and the timer times out. However, _ 
it may be set by a write of $00 to TCR or by a write 
to bit 7 of TSCR. 


TIMER COUNT REGISTER ($FE) 


The timer count register reflects the current count in 
the internal 8-bit counter. The register is the counter and 
can be written. 


7 0 
MSB LSB 
RESET: 


1 1 1 1 1 1 1 1 


TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 


7 6 5 4 3 2 1 0 


RESET: 
0 0 0 0 0 0 0 0 


TMZ — Timer Zero 
1=Timer count register has reached the all-zero 
state since the last time the TMZ bit was read. 
0= This bit is cleared by a read of the TSCR if TMZ 
is read as logic one. 
ET! — Enable Timer Interrupt 
1= Timer interrupt enabled 
0=Timer interrupt disabled 
TOUT — Timer Output 
1= Output mode is selected for the timer. 
0=Input modes are selected for the timer. 
DOUT — Data Output 
In the output mode, latched data at this bit is sent to 
the TIMER pin when both the TMZ and TOUT bits 
are logic high. 
In the input mode: 
1= Timer input gated mode is selected. 
____ 0=Timer input event counter mode is selected. 
PSI — Prescaler Initialization 
1=Prescaler begins to decrement. 
0=Prescaler is initialized and counting is inhibited. 
PSO-PS2 
These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 





It is recommended that MVI or loading and storing 
instructions be used when changing bit values in the 
TSCR. Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 

During reset, the TSCR is set to all zeroes. The TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO- 
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 


TIMER PRESCALER REGISTER ($FD) 


The timer prescaler register reflects the current count 
of the 7-bit prescaler. This register is the prescaler counter 
and can be written. 


6 0 
MSB LSB 
RESET: 


INSTRUCTION SET 


The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 
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REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. 


| Function | Mnemonic _ 
TAX 
TAY 
TYA 
TPA 
V 





































D 
D 
1 : 
: 
AD 
| U 
MP 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list of instructions. | 


Function 
Been tear ew _____ tae 

Branch if Lower 
[Branch ifNotEqual | BNE 
| BE 














Branch if Equal 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the 256 bytes of the memory space, where all 
port registers, port DDRs, timer, timer control, and on- 


chip RAM reside. An additional feature allows the soft- 


ware ‘to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear, and bit test and 
branch functions are all implemented with a single in- 
struction. For the test and branch instructions, the value 
of the bit tested is also placed in the carry bit of the 
condition code register. Refer to the following list of in- 
structions. : ! oo Oe 


‘Arithmetic Compare with Memory 











ee ee ee 


CONTROL INSTRUCTIONS 


These instructions are used to control processor op- 
eration during program execution. The jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc- 
tions. 


an es CTs 
[No Operation YN 




















Jump to Subroutine | 
Jump Unconditional 


IMPLIED INSTRUCTIONS | 


Since the accumulator and all other registers are lo- 
cated in RAM, many implied instructions exist. Some of 
the instructions recognized and translated by the assem- 
bler are shown below: 


|_Becomes | Mnemonic | Becomes 
ADD $FF INCX INC $80 





INCY INC $81 


BLO MVI $80 DATA 
MVI $81 DATA 
Mvise040 [NOP | BEQ (PC) +1 

STA $80 

LDA $80 

LDA $81 

INCSFE | 


Some examples of valuable instructions not specifi- 
cally recognized by the assembler are shown below: 


| Mnemonic | Meaning 
Ensures A is plus 
Ensures Ais minus _ 
Branch if Ais plus. 
Branch if A is minus 
BRCLR 7, $80 Branch if X is plus (BXPL) 
Branch if X is minus (BXMIl) 
Branch if Y is plus (BYPL) 
Branch if Y is minus (BYMI) 
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OPCODE MAP 


Table 1 is a listing of all the instruction set opcodes 
applicable to the MC68HC04J2 MCU. 


ADDRESSING MODES 


The MCU has nine different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. It deals with objects in three dif- 
ferent address spaces: program space, data space, and 
stack space. The term “effective address’ (EA) is used in 
describing the various addressing modes. Effective ad- 
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is lo- 
cated in program ROM. It is contained in the byte im- 
mediately following the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes in memory with a single two-byte 
instruction. : 


SHORT DIRECT 


In the short direct addressing mode, the MCU has four 
locations in data space RAM it can use, ($80, $81, $82, 
and $83). The opcode determines the data space RAM 
location, and the instruction is only one byte. Short direct 
addressing is a subset of the direct addressing mode. 
The X and Y registers are at locations $80 and $81, re- 
spectively. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 


RELATIVE 


The relative addressing mode is only used in condi- 
tional branch instructions. In relative addressing, the con- 
tents of the 8-bit signed byte (the offset) following the 


opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 
—15 to +16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that it is within the span of the branch. 


BIT SET/CLEAR 


in the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ- 
ten to can be set or cleared with a single two-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports A and B are write- 
only registers (registers at $04 and $05). A read 
operation on these registers is undefined. Since 
BSET and BCLR are read-modify-write functions, 
they cannot be used to set or clear a DDR bit; all 
“unaffected” bits would be set. Write all DDR bits 
in a port using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol- 
lowing the opcode byte. The third byte is sign extended 
to twelve bits and becomes the offset added to the PC if 
the condition is true. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the 256 locations of memory. The span 
of branching is from —125 to +130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry flag. 


REGISTER-INDIRECT 


In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 
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Table 1. Opcode Map 


Register/Memory, Control, and Bit Manipulation Register/ Memory and 
Be a Instructions Read/ Modify/ Write instructions Instructions Read/Modify/ Write 
coda, | 5 
ret S esese ses oon | 
cag aie nena BCLRO 0 
sno 1 REL jf 1 Piel 1 REL Tt ee 1 ray 1 B8TB BSC | 1 RIND as 0000 
aie IES " BRCLRT ae 
see 1 REL}? See 1 sae 1 ee 1 ie 1 RIND 
2 —- 
BCS JSRn saiakate fart " eRCLRZ BCLR2 ADD ADO 
EXT fart 6TB esc fi R IND 1 RIND 
2 
eee j* asre amen. " BRCLRS BCLR3 SuB 
a 1 ee a am 1 j* asre amen. BTBi2 esc tt RIND] 1 Oe es 
a 
JSRn omen ° BRCLRA BCLR4 
ge 1 te ! re ’ an 1 aon 1 EXT omen 3 a1B|2 esc | RIND | 1 She 
JSRn ie ROLA ° BRCLAS BCLRS. AND AND 
a. Bae ’ ao 1 Or 1 REL]? oo 1 Be H INH | 3 BTBi2 esc }1 Rind |1 RIND 
JSRn pe: BCLRE6 
ae 1 ee 1 ree ' a 1 ad ' san 1 Pad 1 ext] 2 Bre|2 esc |} on 1 sr 
7 BNE BNE BEQ BEQO BCC BCC BCS ees JSRn ane = BRCLA? BCLR7 
ont REL | 1 REL | REL |? REL] REL | REL |} 8TB BSC}! a 1 a ni 
JSRn JMPn " BRSETO BSETO 
a ae 1 ge ' eee 1 es ’ Sia 1 ae 1 Sha 1 ExT] 2 EXT] so] atref2 BSC |2 sane 2 i 
JSRn JMPn " eRSET! BSETA 
ee 1 wen 1 me 1 son 1 en Be 1 Ext }2 ExTit sO]! BIB;2 
JSRn JMPn " BRSET?Z BSET2 
ar 2 Tag: 1 re ' ies ' sae 1 pan 1 ao 1 Ext | 2 exr|t SD] 1 BTB]2 BSc 
BEQ JSRn JMPn _-BRSETS BSET3 
eon 1 fat ext] 2 B8TBI2 @Sc IMM | 2 
ae JMPn _ BRSETA BSET4 
ext] Btel2 asc |2 io 
4 
JSRn amen _ BRSETS BSET5 
Ext ys? so BTBI2 BSC }2 IMM 12 
4 


_ BRSETS BSET6 
1 81B8{2 BSC 
: ae 












Sa 1 Oe 1 i 1 aon 1 es 1 REL 















Cag 
x» 
~ 
Nn 







m 
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Abbreviations for Address Modes LEGEND 
INH Inherent . Indicates Instruction Reserved for Future Use 
S-D Short Direct # Indicates Illegal Instruction 


Opcode in Hexadecimal 


B-T-8 Bit Test and Branch 

IMM ~— !mmediate 

DIR Direct , Cycles 
EXT Extended Mnemonic 
REL Relative Bytes 
BSC Bit Set/Clear 

R-IND Register Indirect —_—_—_—_-—__-___---— Address Mode 


Opcode in Binary 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


Supply Voltage D 
in 
| 
















input Voltage 


Current drain per pin 
Excluding Vpp and Vss 








Total current for sink 
Ports A, B, C EXTAL, TIM 














Junction Temperature 


THERMAL CHARACTERISTICS 






POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat (Pp * 8y,a) (1) 
where: 
TA = Ambient Temperature, °C 
BJA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pint+Pport . 
Pint  =!cec*Vec, Watts — Chip Internal Power 


Pport = Port Power Dissipation, 
Watts — User Determined 


VDD 
Ri 
Pin 
Under 
Test 
50 pF Ry 


—0.3 to +7.0 


of 
V Vss — 0.3 to V 
Vpp+ 0.3 
ev ie) 
30 
source 15 


Operating Temperature Range (Comm.) | Tt, | o0to70 | 
Operating Temperature Range (Ind.) —40 to +85 
Ty 
JA 


Storage Temperature Range —55 to +150 


Symbol 


Thermal Resistance 60 °C/W 
Plastic 70 


This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields. However, it is advised that nor- 
mal precautions be taken to avoid applications of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation it is recommended that Vin and Voyt be con- 
strained to the range Vss<(Vjn)<Vpp. Reliability 
of operation is enhanced if unused inputs except 
EXTAL are connected to an appropriate logic volt- 
age level (e.g., either Vss or Vcc). 










°C 
eC 
C 
C 





For most applications PportT<Pinjt and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport 's neglected) is: 


Pp= K+(Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp ° (Ta +273°C) + 8 ArPD2 (3) 


where K is a constant pertaining to the particular part. 
K can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known T,. Using this value of K, 
the values of Pp and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta. 


Vpp = + 4.5V 


IOL/IOH = 800 pA 
Ru = Ry =4.6 kO 


Vpp= +2.7V 


IOL/IOH = 200 pA 
Ry =Ry = 10.5 kO 


Vpp= +2.0V 


IOL/IOH = 100 pA 
RL =RyH = 16 kQ 


Figure 9. Equivalent Test Load 
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CONTROL TIMING CHARACTERISTICS 


| Characteristic | Symbol | Min | Typ | Max | Unit, 


(Vpp = +5 Vde + 10%, Vgg=O Vde; Ta=0°C to 70°C 


Oscillator Frequency 


PHI Clock Frequency 









o | 
wo | © 
Z2ic 
Tit 
NI N 


= 
7.) 


foL 
RESET Pulse Width | RWL 


Oscillator Clock Pulse Width toL, toH 


7 
no 


n 






= 
oO 
= 
=e 
N 


n n 


Oscillator Frequency 


| fos | — 
PHI1 Clock Frequency a rae 
Cycle Time (Min) | 
IRO Pulse Width 
RESET Pulse Width 
Oscillator Clock Pulse Width | tonton | 45 | 


Vpp = +2.2 Vde + 10%, Vgg=0 Vdc, Ta =0°C to 70°C 


Oscillator Frequency 
PHI1 Clock Frequency , fee 


Cycle Time (Min 


aaa 
ND 
= 
=a 
N 


= 
n 


= 













fCL 
IRO Pulse Width | 
RESET Pulse Width 
Oscillator Clock Pulse Width toL-toH 





10,000 10,000 





















1000 












































= A 
= a 
| B 
a a 
a a 
1000 An Sematian 
Sone = 
aa ae Oe 2 
Z, PT a 
< < PE | 
a 1004 Samant! i 
= 400 — CELUI 
ra mameeiin ra) =a HH 
= oe ae es Baas ewan av. .B80e 
ee a Mamnel Ap a’ Soria 
Bees f mae: 
PTT Tt TE AT Hu | A 
ETH LA TTIEEET i 10 Sth net 
10 eT A Ave tt 
Seams Sasiiine 22 2) <iilian ean mestiaeaammsssi Ae Ht 
rae @ Ansimemeess meen 
ptt OA A Sei imameasil LT Masitil 
Pt A d Baill 
PTT Tn Baila LT TT TTT 
TLIT TU Ty TT TP PT ALLE TUT tT TE PT TP Tr 
1k 10k 100k 1m 10m 1k 10k 100k Im 10m 
Clock Frequency (Hz) Clock Frequency (Hz) 


Figure 10. Typical RUN Current vs Clock Frequency (fc) Figure 11. Typical WAIT Current vs Clock Frequency (fc_) 
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DC ELECTRICAL CHARACTERISTICS (Typical pull-down sink current for Voyt=Vpp is 50 pA.) 


Vpp= +5 Vde + 10%, Vgg=0 Vdc, Ta=0°C to 70° C 


Output Voltage, It oqq(10.0 pA VOL = 0.1 V 
VOH Vpp — 0.1 — 
Output High Voltage, lLogq= +800 pA) Ports, TIM VOH Vpp — 0.4 V 
Output Low Voltage, ILgag= +800 pA) Ports, TIM VOL — 
Input High Voltage Ports, TIM, XTAL, MDS VIH 0.7xVpp VoD V 
IRQ, RESET VIH 0.8xVpp Vpop 
v 


Input Low Voltage | Poris, TIM, XTAL, MDS VIL Vss — 0.3xVpp 
IRQ, RESET VIL Vss — 


0.2xVpp 
Total Supply Current 
C,.=50 pF, Ports, TIM, Ipp 2 3 mA 
No dc load, teye = 1/fcL (max), IDD 0.5 1 mA 
Vit =0.2 V, ViH=Vpp —0.2 V IDD 3 5 A 
a 


a ae ee 
Capacitance per Pin PORTS (as Input or Output) Cout 12 pF 
RESET, IRQ, TIM, XTAL, MDS Cin 8 




















Output Voltage, I} 9qq(10.0 pA VOL — 0.1 
| VOH Vpp — 0.1 — 


Output High Voltage, I_Loaq= — 200 pA) Ports, TIM VOH Vpp — 0.3 

Output Low Voltage, IL oaq= +200 pA) Ports, TIM VOL _— 

Input High Voltage Ports, TIM, XTAL, MDS VIH 0.7xVpp 
IRQ, RESET VIH 0.8xVpp 


Input Low Voltage Ports, TIM, MDS, XTAL VIL 
IRQ, RESET VIL 


Total Supply Current 
C, =50 pF, Ports, TIM, IDD 
No dc load, teye= 1/fc_(Max), IDD 
Vi_=9.2 V, ViIH=Vpp — 0.2 V IDD 





< 


33 
_ 44: 








VO Ports Input Leakage Vss(ViVpp pA 
Input Current RESET, IRQ, TIM| lin | 


Capacitance per Pin PORTS (as Input or Output) Cout 
RESET, IRQ, TIM, XTAL, MDS Cin 





NW 
nw 


I+ 
r 
> 


= 
CO RN 
Tb 
n 


Vpp= +2.2 Vde + 10%, Vgg=0 Vde, Ta =0°C to 70°C 








0.3xVpp 
0.2xVpp 





Output Voltage, ILoqq(10.0 pA VOL = 0.1 V 
VOH Vpp — 0.1 = 

Output High Voltage, ILgag= — 100pA) Ports, TIM VOH Vpp — 0.3 _ V 
Output Low Voltage, ILoaq= +100 pA) Ports, TIM VOL — 0.3 
Input High Voltage Ports, TIM, XTAL, MDS VIH 0.7XVpp Vpp V 

IRQ, RESET VIH 0.8xVpp Vpp 

ce eee 
VSS 


Input Low Voltage Ports, TIM, MDS, XTAL VIL 
IRQ, RESET VIL 


Total Supply Current 
Cy =50 pF, Ports, TIM, RUN 
No dc load, teye= 1/fcL(Max), WAIT* 
Vit =9.2v, ViH=Vpp — 0.2 V STOP* 


I/O Ports Input Leakage Vss(V\(Vpp 


Input Current REST, IRQ, TIM ls. Nines 


Capacitance per Pin PORTS (as Input or Output) Cout 
RESET, IRQ, TIM, XTAL, MDS Cin 


*Measured under the following conditions: ; ed 
— All ports and timer pin are configured as input — EXTAL is open circuit 
— XTAL is driven by a square wave input — port pull downs not enabled 


NOTE: Typical pull-down sink current for Voyt=VDD is 50 pA. 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola using the following media: 

MDOS®, disk file 
MS®-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 


To initiate a ROM pattern for the MCU, it is necessary © 


to first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS or MS-DOS disk 
file) may be submitted for pattern generation. They should 
be programmed with the customer program, using po- 
sitive logic sense for address and data. The diskette should 
be clearly labeled with the customer’s name, date, project 
or product name, and the filename containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6804 cross assembler should 
be furnished. In addition, the file must be produced using 
the ROLLOUT command, so that it contains the absolute 
image of the M6804 memory. It is necessary to include 
the entire memory image of both program and data space. 
All unused bytes, including those in the user space, must 
be set to logic zero. 


MS-DOS Disk File 


MS-DOS is Microsoft’s Disk Operating System. Disk 
media submitted must be standard density (360K), dou- 
ble-sided 5 1/4 inch compatible floppy diskette. The dis- 
kette must contain the object file code in Motorola’s S- 
record format. The S-record format is a character-based 
object file format generated by M6804 cross assemblers 
and linkers on IBM PC style machines. 


EPROMS 


Four K of EPROM are necessary to contain the entire 
MC68HC04J2 program. Two 2516 or 2716 type EPROMs 


MDOS is a trademark of Motorola Inc. 
MS®-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark.of Motorola Inc. 


or a single 2532 or 2732 type EPROM can be submitted 
for pattern generation. The EPROM is programmed with 
the customer’s program using positive logic sense for 
address and data. Submissions on two EPROMs must be 
clearly marked. All unused bytes, including the user’s 
space, must be set to zero. 

If the MC68HCO4J2 MCU ROM pattern is submitted on 
one 2532 or 2732 EPROM, or on two 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F, 
and-program space ROM runs from EPROM address $C10 
to $FF7 with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in aconductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 


Verification Media 


All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
completed, signed, and returned to Motorola. The signed 
verification form constitutes the contractual agreement 
for the creation of the customer mask. To aid in the ver- 
ification process, Motorola will program customer sup- 
plied blank EPROM(s) or DOS disks from the data file 
used to create the custom mask. 


ROM Verification Units (RVUs) 


Ten MCUs containing the customers ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 


Ordering Information 


The following table provides generic information per- 
taining to the package type, temperature, and order num- 
bers for the MC68HC04P3. 


Ordering Information 


Package Type Order Number 


Plastic 


(P Suffix) 





0°C to 70°C MC68HC04J2P 
— 40°C to +85°C | MC68HCO4J2CP 


IBM is a registered trademark of International Business Machines Corporation. 
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TECHNICAL DATA MiC68HC04J3 


Technical Summary 
8-Bit Microcomputer Unit 


MC68HC04J3 HCMOS microcomputer unit (MCU) device is a member of the M6804 Family of 
single-chip microcomputers. This device is tremendously versatile and cost effective. These quali- 
ties are based on the MCU’s simple design and ability to process 8-bit variables, one bit at a time. 

This technical summary contains limited information on the MC68HC04J3. For detailed informa- 
tion, refer to the advanced information data sheet for the MC68HC04J2, MC68HC04J3, and 
MC68HC04P3 8-bit microcomputers (MC68HC04J2/D) or to the M6804 MCU Manual (DLE404/D). 

Major hardware and software features of the MC68HC04J3 MCU are: 

@ On-Chip Clock Generator _ @ True Bit Manipulation 

@ Memory Mapped I/O @ Bit Test and Branch Instruction 

e Software Programmable 8-Bit Timer with e 368 Bytes Self-Check ROM 

7-Bit Prescaler ® Conditional Branches 

Single Instruction Memory Examine/ @ Timer Pin is Software Programmable as 
Change Clock Input or Timer Output 
72 Bytes of Data ROM 1672 Bytes of User Program ROM 
30 Bytes of User RAM 
User Selectable Input Drive Options 
Optional Pull Down Devices on 1|/O Ports 
Mask Selectable Edge- or Level-Sensitive Interrupt Pin 





BLOCK DIAGRAM 


ay XTAL EXTAL RESET MDS IRQ 
Timer roe | 


Timer/Status Oscillator 
Control Register _ 
CPU 
Control 
PBO 

















Accumulator 
A 
Indirect 
Register 
9 x 









PA4 
Port Indirect PB1 
PA5 
A Port Data Register PB2 Port 
1/0 A Dir. is Data Port PB3 B 
Lines PA6 Reg. | Reg. Dir. B 
R R PB4 1/0 
Stack eg. eg: PB5 Lines 
PA7 PB6 
Program PRB7 
Counter ALU 
High PCH 30x 8 
1672 x 8 Program Data RAM 
User Program ROM Counter 


72x8 


Data ROM 


368 x 8 pow: PCL 


Self-Check ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vpp AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vpp is power, and Vssg is ground. 


IRO 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the microcomputer. A pull- 
up resistor on this pin is a manufacturing mask option. 


EXTAL AND XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by a man- 
ufacturing mask option. The different clock generator op- 
tions are shown in Figure 1, along with crystal 
specifications. 


Internal Clock Options 


The crystal oscillator start-up time is a function of many 
variables. To ensure rapid oscillator start-up, neither the 
crystal characteristics nor load capacitances should ex- 
ceed recommendations. When using the on-board oscil- 
lator, the MCU should remain in a reset condition, with 
the RESET pin voltage below ViREs +, until the oscillator 
has stabilized at its operating frequency. 





TIMER 


Two TIMER input modes as well as an output mode 
are available. In the input modes, the TIMER pin is con- 
figured as either a TIMER enable, or as the TIMER clock. 
In the output mode, the TIMER pin may generate tran- 
sitions upon each occurrence of timer underflow. 


RESET 
The RESET pin is used to restart the processor to the 


beginning of a program. The program counter is loaded 
with the address of the restart vector. This should be a 










MC68HC04J3 MC68HC04J3 





| XTAL EXTAL 





[XTAL__EXTAL] 


Clock 


T i Input 


External Resistor Crystal | 


Capacitor 


MC68HC04J3 


| XTAL EXTAL 


External Clock 


jump instruction to the first instruction of the main pro- 
gram. Together with the MDS pin, the RESET pin selects 
the operating mode of the MCU. A pullup resistor on this 
pin is a manufacturing mask option. 





MDS : 


The mode select (MDS) pin places the MCU into special 
operating modes. When this pin is logic high at the exit 
of the reset state, the decoded state of PA6 and PA7 is 
latched to determine the operating mode. This choice can 
be either the single-chip, self-check, or ROM verify mode. 
However, if MDS is iogic iow ai ihe end of the resei siaie, 
the single-chip operating mode is automatically selected. 
No external diodes, switches, transistors, etc. are re- 
quired for single-chip mode selection. 


INPUT/OUTPUT LINES (PA4-PA7, PBO-PB7) 


These 12 lines are arranged into one 4-bit port (A) and 
one 8-bit port (B). All lines are programmable as either 
inputs or outputs under software control of the data di- 
rection registers. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


There are 12 input/output pins. The 12 bidirectional 
lines can be selected to have internal pulldowns at the 
time of manufacture. All pins of each port are programm- 
able as inputs or outputs under the control of the data 
direction registers (DDR). 

The port I/O programming is accomplished by writing 
the corresponding bit in the port DDR to a logic one for 
output or a logic zero for input, as shown in Figure 2. 
When the registers are programmed as outputs, the 
latched data is readable regardless of the logic levels at 
the output pin due to output loading. 

All the I/O pins are CMOS compatible as both inputs 
and outputs. Their standard configuration as outputs is 
three-state drive. Port B outputs are LED compatible. In 
addition, certain pins of both ports may be ordered 
equipped with pull down resistors. 






Crystal Parameters Cy 





EXTAL 4 XTAL 5 


Crystal Parameters : 
AT — Cut Parallel Resonance Crystal 
Co=7 pF Maximum 
Freq = 11 MHz 
Rs =50 Ohms Maximum 


NC to 
device pin — 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators Follow 
ceramic resonator manufacturer's Sug- 
gestions for Cg, Cy. and Rs values 


Figure 1. Clock Generator Options and Crystal Parameters 
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Data 
Direction Register 
Bit 


n 
_ 5 Latched 
£3 Output 
2 8 Data 
c 
= 6 
oO 


Bit 





Figure 2. Typical I/O Port Circuitry 


Any write to a port writes to all of its data bits even 
though the port DDR may be set to input. This can be 
used as a tool to initialize the data registers and avoid 
undefined outputs. However, care must be exercised when 
using read-modify-write instructions. The data read cor- 
responds to the pin level if the DDR is an input or to the 
latched output data when the DDR is an output. 


Pull Down Device Option 


The use of pull down devices on particular groupings 
of I/O ports is a manufacturing mask option available to 
the user. It is of use in applications where keyboards are 


interfaced directly to the MCU and similar situations. This _ 


option is available in the following configurations: 











PAG-PAT 
PB3-PB7, PB4-PB7, PB1-PB2, PBO 


Port Data Registers ($00, $01) 


The port data registers are not initialized on reset. These 
registers should be initialized before changing the DDR 
bits to avoid undefined levels. 


The source of data read from the port register is either 


the port I/O pin or previously latched output data. The 
source depends upon the contents of the corresponding 
DDR. The destination of data written to the port data 
register is an output data latch. If the corresponding DDR 
for the port I/O pin is programmed as an output, the data 
appears on the port pin. 


Port A ($00) 


7 6 5 4 3 2 1 0 
a ae eae eS 


VO Port Resistor-Option Pin Groupings . 


Port B ($01) » 
7 6 5 4 3 2 1 0 


With regard to Port A only, the four MSB bits are un- 
used. These are ‘don’t care” (X) bits when written to but 
are always logic high when read. 


Port Data Direction Registers ($04, $05) 


Port DDRs configure the port pins as either outputs or 
inputs. Each port pin can be programmed individually to 
function as input or output. A zero in the pin’s corre- 
sponding DDR bit programs it as an input; a logic one 
programs it as an output. On ;eset, all the DDRs are in- 
itialized to a logic zero state to put the ports in the input 
mode. 


Port A ($04) 
7 6 5 4 3 2 1 0 
ee a are ewe 
| Port B ($05) 
7 6 5 4 3 2 0 


With regard to Port A DDR only, the four MSB bits are 
cleared after reset. These bits must not be set (logic one). 


MEMORY 


The MCU memory map (Figure 3) consists of 4352 bytes 
of addressable memory, I/O register locations, and stack 
space. This MCU has three separate memory spaces: 
program space, data space, and stack space. | 
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Bytes Address 
0000 $000 
Reserved 
(2048 Bytes) 
2047 $7FF 
2048 $800 


Self-Check ROM 
(368 Bytes) 







2415 
2416 


$96F 
$970 


Program ROM 
(1672 Bytes) 













4087 $FF7 

ee Self-Check otrr 

4089 IRQ Vector SFFO 

Ae Self-Check oEre 

4091 Restart Vector SEFB 

4092 __User SFFC 
IRQ Vector 

4093 SFFD 

4094 User SFFE 
Restart Vector 

4095 SFFF 


Program Space 





[wes 


Stack Space 


























Bytes Address 
000 Port A Data Register $00 
001 Port B Data Register $01 
002 Reserved $02 

(2 Bytes) 
003 $03 
004 Port A DDR $04 
005 Port B DOR $05 
O0€ | 

Reserved $06 
008 (3 Bytes) $08 
009 Timer Status Control Register $09 
010 Low Byte CRC SOA 
011 High Byte CRC $0B 


012 Reserved $0C 


(12 Bytes) 










$17 
$18 


023 
024 
User Data Space ROM 
(72 Bytes) 
$5F 
$60 







Reserved 
(32 Bytes) 


Indirect Register X 
‘Indirect Register Y 


User Data Space RAM 
(30 Bytes) 


$7F 
$80 


$81 
$82 


$F 
$A0 






Reserved 
(93 Bytes) 


Prescaler Register 
Timer Count Register 


Data Space 


252 SFC 







253 $FD 





254 SFE 


255 SFF 


Figure 3. Memory Map 
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The MCU is capable of addressing 4096 bytes of pro- 
gram space memory with its program counter and 256 
bytes of data space memory with its instructions. Pro- 
gram space memory includes self-check ROM, program 
ROM, self-check and user program vectors, and reserved 
memory locations. 

A non-accessible subroutine stack space RAM is pro- 
vided. This stack space consists of a last-in-first-out (LIFO) 
register. This register is used with inherent addressing 
to stack the return address for subroutines. 

Indirect X and Y register locations $80 and $81 are 
generally used as pointers for such tasks as indirect ad- 
dressing to data space locations. Short direct addressing 
allows access to the four data space addresses $80-$83 
with single byte opcodes. The operations allowed are 
increment, decrement, load, and store. Data space lo- 
cations $82 and $83 can be used for 8-bit counter loca- 
tions. 


Program ROM Protect 

A manufacturing mask option available to the user en- 
ables program ROM protection. Enabled, this.option pre- 
vents the ROM contents from being output during self- 
check/ROM verify. This option does not prevent a go, no- 
go test of the ROM contents using the ROM verify mode. 


REGISTERS 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 0 


INDIRECT REGISTERS (X,Y) 

These two registers are used to maintain pointers to 
other memory locations in data space. They are used in 
the register-indirect addressing mode and can be ac- 
cessed with the direct, indirect, short direct, or bit set/ 
clear modes. 


7 0 


ee ee 
" 2S 0 
PROGRAM COUNTER (PC) | 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched from program 
space. The program counter is contained in low byte (PCL) 
and high nibble (PCH). 


it 87 0 


FLAGS (C,Z) 


The first flag, the carry (C) bit, is set on acarry or borrow 
out of the arithmetic logic unit (ALU). It is cleared if the 
arithmetic operation does not result in a carry or borrow. 
The C bit is also set to the value of the bit tested in a bit 
test instruction. It participates in the rotate left (ROLA) 
instruction, as well. ; 

The second flag, the zero (Z) bit, is set if the result of 
the last arithmetic or logic operation was equal to zero. 
Otherwise, it is cleared. Bit test instructions do not affect 


the Z bit. 
NORMAL FLAGS 


There are two sets of these flags. One set is for interrupt 
processing (the interrupt mode flags). The other set is for 
normal operations (the program mode flags). When an 
interrupt occurs, a context switch is made from the pro- 
gram flags to the interrupt flags. An RTI forces the context 
switch back. While in either mode, only the flags for that 
mode are available. A context switch does not affect the 
value of the C or Z bits. Both sets of flags are cleared by 
RESET. 


INTERRUPT FLAGS 


STACK 


- A last-in-first-out (LIFO) stack is incorporated in the MCU 
that eliminates the need for a stack pointer. This non- 
accessible subroutine stack space is implemented in sep- 
arate RAM, 12-bits wide. Whenever a subroutine call or 
interrupt occurs, the contents of the PC are shifted into 
the top register of the stack. At the same time, the top 
register is shifted one level deeper. This happens to all 
registers, with the bottom register falling out of the stack. 

Whenever a return from subroutine or interrupt occurs, 
the top register is shifted into the PC and all lower reg- 
isters are shifted one level higher. The stack RAM is four 
levels deep. If the stack is pulled more than four times 
with no pushes, then the address that was stored in the 
bottom level of the stack is shifted into the PC. 


CRC Registers 


Two eight bit registers are implemented in RAM pri- 
marily as self-check and ROM verify modes. The two reg- 
isters are memory mapped in data space at addresses 
$0A (CRC low), and $0B (CRC high). 

Provided no write or read/modify/write operation is used 
to change the contents of these two locations, the reg- 
isters are configured to perform CRC calculations. By sim- 
ply reading a register, a pseudo-random number can be 
generated. . . 

lf a write or a read/modify/write is performed on ad- 
dresses $0A or $0B, then the CRC circuitry is disabled. 
Both registers can be used as RAM locations. until the 
next RESET. RESET enables the CRC circuitry again. 








SELF CHECK 


The MCU implements two forms of internal check, self 
check and ROM verify. Self check performs an extensive 


se : ¢ 
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functional check of the MCU using a signature analysis 
technique. ROM verify uses a similar method to check 
the contents of program ROM. 

Self-check mode is selected by holding the MDS and 
PA7 pins logic high, and PA6 logic low as RESET goes 
low to high. ROM verify mode is entered by holding MDS, 
PA7, and PA6 logic high as RESET goes low to high. 
Unimplemented program space ROM locations are also 
tested. Monitoring the self-check mode’s stages for suc- 
cessful completion requires external circuitry. 








RESET 


The MCU can be reset by initial power up or by external 
reset input (RESET). 





POWER-ON-RESET (POR) 


During a power-on-reset, the timer is used to count 
1920 external clock cycles. This allows the oscillator to 
stabilize before releasing the internal reset, irrespective 
of the state of the RESET pin. If the RESET pin is low at 
the end of the delay, the processor remains in the reset 
condition. 











Figure 4. Power Up RESET Delay Circuit 


RESET 


A reset can also be achieved by pulling the RESET pin 
to logic low for a minimum of two clock cycles. The delay 
is not implemented in this case. 


INTERRUPT 


There are two ways this MCU can be interrupted: by 
applying a logic low signal to the IRQ pin, or by a positive 
transition of the TMZ bit of TSCR with the ETI bit set. 
However, a manufacturing mask option determines 
whether the falling edge or the actual low level of the 
IRQ pin is sensed to indicate an interrupt. 


EXTERNAL INTERRUPT EDGE-SENSITIVE OPTION 


When the IRQ pin is pulled low, the internal interrupt 
request latch is set. Prior to each instruction fetch, this 
interrupt request latch is tested. If its output is low, an 
interrupt sequence is initated at the end of the current 
instruction, provided the interrupt mask is cleared. Figure 


contains a flowchart that illustrates the interrupt and in- 
struction processing sequences. 
The interrupt sequence consists of one cycle during 

which: 

The interrupt request latch is cleared; 

The interrupt mode flags are selected; 

The program counter (PC) is saved on the stack; 

The interrupt mask is set; and 

The IRQ vector jump address is loaded into the PC. 


The IRQ vector jump address is $FFC-$FFD in the single- 
chip mode and $FF8-$FF9 in the self-check mode. The 
contents of these locations are not decoded as an address 
to which the PC should jump. Instead, they are decoded 
like any other ROM word. So, it is essential that the vector 
contents specify a JMP instruction in addition to the start- 
ing address of the interrupt service routine. If required, 
this routine should save the values of the accumulator 
and the X and Y registers, since these values are not 
stored on the stack. 

Internal processing of the interrupt continues until a 
return from interrupt (RTI) instruction is processed. Dur- 
ing RTI, the interrupt mask is cleared and the program 
mode flags are selected. The next instruction of the pro- 
gram is then fetched and executed. 

When STOP is processed, the interrupt mask is cleared 
and the oscillator stopped. Checks are made for either 
RESET or IRQ. If RESET is detected, the RESET sequence 
is initiated. If IRQ is detected, the system oscillator is 
enabled along with the clock. In both cases, a delay is 
executed by the timer to allow oscillator stabilization be- 
fore the CPU is enabled and the interrupt serviced. 

When WAIT is processed, the interrupt mask is cleared 
and the CPU clock disabled. The interrupt latch is tested. 
Detection of RESET initiates the RESET sequence. Detec- 
tion of IRO or timer interrupt enables the CPU clock and 
initiates servicing of the interrupts. 

When RTI is processed, the program counter is pulled 
from the stack. The program flags are selected and the 
interrupt mask cleared. The interrupt latch is then tested 
before the next instruction. 

When the interrupt was initially detected and the in- 
terrupt sequence started, the interrupt request latch was 
cleared so that the next interrupt could be detected. This 
was done even as the first interrupt was being serviced. 
However, even though the second interrupt set the in- 
terrupt request latch during the first interrupt’s process- 
ing, the second interrupt’s sequence cannot begin until 
completion of the interrupt service routine for the first 
interrupt. Completion of an interrupt service routine is 
always accomplished using an RTI instruction to return 
to the main program. The interrupt mask, which is not 
directly available to the programmer, is cleared during 
the last cycle of the RTI instruction. 

















EXTERNAL INTERRUPT EDGE/LEVEL-SENSITIVE OP- 
TION 

The edge/level-sensitive option performs as described 
in the preceding section but adds the potential for level- 
sensitive operation. Level-sensitive operation tests the 
state of the IRO and initiates an interrupt service routine 
if the IRQ pin is found to be logic low. 
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External Interrupt Request Flow 


Clear IRO 
Latch 


Perform 
Interrupt 
Routine 


Clear IRQ 
Latch 


Perform 
Interrupt 
Routine 












Timer 

Underflow 

TSCR bit 7 

High 
? 








Timer 
Interrupt 
Enabled 

TSCR bit 6 

Low? 


Timer Interrupt 
Request Flow 


Cine >" 


Y 


Figure 5. Interrupt Sequences 


POWER UP AND TIMING 


During the power up sequence, the interrupt mask is 
closed. This precludes any false interrupts. The PC is also 
loaded with the appropriate restart vector (jump instruc- 
tion). 

To open the interrupt mask, the user should do a JSR 
to an initialization subroutine that ends with an RTI in- 
stead of an RTS. The RTI opens the interrupt mask. Typ- 
ical RESET and IRQ processes and their relationship to 
the interrupt mask are shown in Figure 7. 

Maximum interrupt response time is eight machine 
cycles. This includes five cycles for the longest instruction 
plus one for stacking the PC and switching flags. Two 
additional cycles are used to synchronize IRQ input with 
the internal machine cycle frequency. 





TIMER INTERRUPT 


A timer interrupt is requested by a transition of the 
TMZ bit of the timer status/control register (TSCR) from 
logic low to high. Such a positive transition is caused 
either by the timer count register reaching the all zero 
state, or by any program instruction that writes a one to 
the TMZ bit. 


The timer interrupt request is maskable by clearing bit 
6 of the TSCR (ETI bit). ET! is cleared by RESET. 

During the interrupt routine, to determine whether an 
interrupt was caused externally or by the timer, it is nec- 
essary to test the state of the TMZ bit in the TSCR. | 

lt is important to service a timer interrupt and clear the 
TMZ bit before the timer counter underflows again. Oth- 
erwise, because only a single interrupt can be latched, 
there is no way of telling how many timer interrupts occur 
while the original interrupt is being serviced. 





LOW-POWER MODES 


STOP 


The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, causing all internal processing and 
the timer to be halted. Current consumption is thus 
dropped to leakage levels. 

Providing the supply voltage remains within data sheet 
limits, the contents of the TSCR, accumulator, and all data 
space RAM remain unchanged in STOP mode. 
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Power Up Detect 







Oscillator Active 
Timer Clock Enable 
CPU Clock Disable 
$00 — DOR's 
Preset Timer 














Instack PC 
Clear | Mask 
Select Prgm Fiags 








Timer Counts Delay 
to Stabilize Oscillator 





RESET ? 











Oscillator Active 
Timer Clock Enable 
CPU Clock Disable 
Preset Timer 


Timer Counts Delay 
To Stabilise Oscillator 











CPU Clock Enable 


CPU Clock Enable 
$00 — DOR's 





Fetch Instruction 
































Set | Mask Execute Instruction 
Clear IRQ Latch 
$FF — TCR Stack PC 
$00 — TSCR a cs Set | Mask 
Select Prgm Flags = $1 Select INT Flags 
=O 
Cc 


Load Reset Vector Load INT Vector 
Into PC Into PC 


Figure 6. Instruction Processing Sequence 
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JMP-START 
VECTOR (FFE-FFF) 


START (ROUTINE) 
INSTRUCTION (I-N) 


LAST INSTRUCTION 
JSR INIT 


PROGRAM 


IRQ 
RECOGNIZED 


IRQ 
SERVICE 
ROUTINE 


LAST INSTRUCTION 


RT| 





PROGRAM 











INTERRUPT 
MASK 
CLOSED 
INIT 
INITIALIZATION 
SUBROUTINE | 
LAST INSTRUCTION 
RTI 
MASK 
OPEN 
INTERRUPT 
MASK 
CLOSED 
MASK 
OPEN 


Figure 7. Interrupt Mask 


__ Causing an interrupt or reset by pulling the RESET or 
IRQ pins low is the only way to bring the processor out 
of STOP mode. During this exit from STOP, the timer is 
used to provide the delay time necessary for the oscillator 
to stabilize. So, the prescaler and timer count register 
contents must be considered corrupted. 


WAIT 


The WAIT instruction places the MCU in a low power 
consumption mode, but the WAIT mode consumes 
somewhat more power than the STOP mode. In the WAIT 
mode, the internal clock is disabled from all internal cir- 
cuitry except for the timer. So, all internal processing is 
halted. However, the timer continues to decrement nor- 
mally if the PSI bit of TSCR is set. 


During the WAIT mode, external interrupts are enabled. 
Ail other registers, memory, and I/O lines remain in their 
last state. Pulling the IRQ or RESET pin to logic low causes 
an exit from the WAIT mode. In addition, ETI bit of TSCR 
can be enabled by software prior to entering the WAIT 





state. This allows an exit from WAIT via a timer interrupt 


as well as via external interrupts. 


TIMER 


A block diagram of the MC68HC04J3 timer circuitry is 
shown in Figure 8. The timer logic in the MCU is com- 
prised of a simple 8-bit counter called the timer counter. 
This counter is decremented by a 7-bit prescaler at a rate 
determined by the timer status/control register (TSCR). 
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Read Write 


ee ae 
eee 1 of 8 


SYNC 


Microcomputer Internal Bus 


8-Bit Counter ; 
Timer Count Register 







Write 









Timer Control 


(TCR) Register (TSCR) 





Event Counter 
Input Gated Mode 


Figure 8. Timer Block Diagram 


PRESCALER 


The prescaler is a 7-bit counter used to extend the max- 
imum interval of the overall timer. This counter is clocked 
by a signal from the TIMER pin or by the internal sync 
pulse. It divides the frequency received by some factor 
to create the prescaler output. The factor by which the 
TIMER pin signal is divided is called the prescaler tap. 
The value of this tap is selected by three bits of the TSCR 
(PSO-PS2). These bits control the division of the prescaler 
input within the range of divide-by-2°, to divide-by-27. 


TIMER COUNTER 


The timer counter, which may be read or loaded under 
program control, is decremented from a maximum value 
of 256 toward zero by the prescaler output. Both are dec- 
remented on rising clock edges. 

The prescaler register and timer count register are 
readable and writeable. A write to either one will take 
precedence over the normal counter function. For ex- 
ample, if a value is written to the timer count register and 
this write and a decrement-to-zero occur at the same 
time, the write takes precedence and TSCR bit one (TMZ) 
is not set until the next timer time out. 


TIMER PIN 

The TIMER pin may be programmed as either an input 
or an output. Its status depends on the value of TSCR 
bits 4 (DOUT) and 5 (TOUT). Two distinct input modes 
exist; input gated mode and input event counter mode. 


This relationship is shown in the TIMER pin status section 
of Figure 8. The frequency of the internal clock applied 
to the TIMER pin must be less than tpyte, which is the 
frequency of the oscillator divided by either 12, 24, or 48, 
then multiplied by the clock divide ratio. Whether fosc is 
divided by 12, 24, or 48 is a manufacturing mask option. 


TIMER INPUT EVENT COUNTER MODE 


In the timer input event counter mode, both TOUT and 
DOUT are logic zero. The TIMER pin is effectively con- 
nected directly to prescaler input. So, the timer/prescaler 
is clocked by the signal applied from the TIMER pin. 


TIMER INPUT GATED MODE 


In the input gated mode, TOUT is logic zero and DOUT 
is logic one. The timer pin is an input which decrements 
the prescaler each machine cycle as long as the timer pin 
is logic high. When the pin is logic low, counting is in- 
hibited. This mode permits the counting of the period of 
time during which the timer pin is logic high, based on 
the system clock and prescaler values. Gate times are 
fosc/12, fosc/24, and focs/48. 


TIMER OUTPUT MODE 


In the output mode, TOUT is logic one and the TIMER 
pin is connected to the DOUT latch. So, the timer pres- 
caler is clocked by the internal sync pulse. This pulse is 
a divide-by-12, 24 or 48 of the internal oscillator depend- 
ing on the mask option. However, in the output mode, 
once the prescaler decrements the timer count register 
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to zero, the low TSCR bit 1 (TMZ) bit state is used to drive 
the data latched at TSCR bit 4 (DOUT) onto the TIMER 
pin. . 
NOTE 

TMZ is normally set to logic one when TCR dec- 

rements to zero and the timer times out. However, 

it may be set by a write of $00 to TCR or by a write 

to bit 7 of TSCR. 


TIMER COUNT REGISTER ($FE) 


The timer count register reflects the current count in 
the internal 8-bit counter. The register is the counter and 
can be written. 


7 | 0 
MSB LSB 
RESET: 


1 1 1 1 1 1 1 1 


TIMER STATUS/CONTROL REGISTER (TSCR) ($09) 


7 6 5 4 3 2 1 0 
Tour | oour 


RESET: 
0 0 0 0 0 0 0 0 


TMZ — Timer Zero 
1=Timer count register has reached the all-zero 
state since the last time the TMZ bit was read. 
0=This bit is cleared by a read of the TSCR if TMZ 
is read as logic one. 
ET| — Enable Timer Interrupt 
1=Timer interrupt enabled. 
O=Timer interrupt disabled. 
TOUT — Timer Output 
1=Qutput mode is selected for the timer. 
0=Input modes are selected for the timer. 
DOUT — Data Output 
In the input mode, latched data at this bit is sent to 
the TIMER pin when both the TMZ and TOUT bits 
are logic high. 
In the input mode: 
1=Timer input gated mode is selected 
____ ~‘0=Timer input event counter mode is selected 
PSI — Prescaler Initialization 
1=Prescaler begins to decrement. 
0=Prescaler is initialized and counting is inhibited. 
PSO-PS2 | | 
_ These bits are used to select the prescaler tap. The 
coding of the bits is shown below: 
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It is recommended that MVI or loading and storing 
instructions be used when changing bit values in the 
TSCR. Read-modify-write instructions can cause the TMZ 
to assume an unexpected state. 

During reset, the TSCR is set to all zeroes. The TIMER 
pin is in the high impedance input mode; and DOUT 
LATCH is forced to a logic high. At the same time, PSO- 
PS2 coding sets the prescaler tap at divide-by-one, and 
bit 3 initializes the prescaler. 


TIMER PRESCALER REGISTER ($FD) 


The timer prescaler register reflects the current count 
of the 7-bit prescaler. This register is the prescaler counter 
and can be written. 


6 07 
MSB LSB 
RESET: 


INSTRUCTION SET 


The MCU has a set of 42 basic instructions. They can 
be divided into five different types: register/memory, read/ 
modify/write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Mest of these instructions use two operands. One op- 
erand is the accumulator; the other is obtained from 
memory using one of the addressing modes. Refer to the 
following list of instructions. 


fp Funetion 
A 
AND Memory to A AND 
CLRA 
CLAX 
CLRY 
COMA 

Rotate A Left and Carry ROLA 
CMP 
| 


Arithmetic Left Shift of A’ - 




















LDA 
LDX 
LDY 
STA 

DD 
SUB 







TAX 
TAY 
TYA 
TPA 
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READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. All INC and DEC 
forms along with all bit manipulation instructions use this 
method. Refer to the following list of instructions. 


| Funetion 
Increment XP 


Decrement YP 











BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list of instructions. 


Branch if Carry Clear 

Branch if Higher or Same (BHS) 

Branch if Carry Set 
NE 








Branch if Lower 


Branch if Equal 






BEQ 





BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the 256 bytes of the memory space, where all 
port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear, and bit test and 
branch functions are all implemented with a single in- 
struction. For the test and branch instructions, the value 
of the bit tested is also placed in the carry bit of the 
condition code register. Refer to the following list of in- 
structions. 


Branch If Bit n is Clear BRCLR n(n=0... 7) 
BSET nin=0...7) 
BCLR nin=0...7 











CONTROL INSTRUCTIONS 


These instructions are used to control processor op- 
eration during program execution. The jump conditional 
(JMP) and jump to subroutine (JSR) instructions have no 
register operand. Refer to the following list of instruc- 
tions. 







No Operation 


Jump to Subroutine 
Jump Unconditional 


Stop 


IMPLIED INSTRUCTIONS 


Since the accumulator and all other registers are lo- 
cated in RAM, many implied instructions exist. Some of 
the instructions recognized and translated by the assem- 


bler are shown below: 

| Mnemonic | Becomes | Mnemonic | Becomes _| 
ASLA ADD $FF INCX INC $80 

INCY INC $81 

BLO BCS 













TYA 


DECY DEC $81 TYA [LDA $81 
cA lincsre fT 


Some examples of valuable instructions not specifi- 
cally recognized by the assembler are shown below: 












BCLR 7,$FF 
BSET 7, $FF 
BRCLR 7, $FF 
BRSET 7, $FF 
BRCLR 7, $80 
BRSET 7, $80 
BRCLR 7, $81 
BRSET 7, $81 


Ensures A is plus 


OPCODE MAP 


Table 1 is a listing of all the instruction set opcodes 
applicable to the MC68HC04J3 MCU. 
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VLVG YHOSSSIVOUdOUDIN VIOYOLOW 








Table 1. Opcode Map 
































Register/Memory, Control, and Bit Manipulation Register/Memory and 
Branch Instructions Head: Modi! Wine = eT aes 
4 5 6 7 B 
1010 a wan 
" BRCLRO BCLRO oO 
BTB|2 BSC | 1 can ’ a 0000 
"BRCLRT BCLR1 
2 BSC }! RIND] ) RIND 
" BRCLRZ BCLR2 ADD AOD 
ate] 2 asc |i R IND RIND a 
_ BRCLRS BCLR3 
B1B|2 Bsc |) a 1 Saas 
_ BRCLRA BCLR4 CMP 
B1BYJ2 BSC }|1 RIND] 1 R IND oe 
" BRCLAS BCLRS5 AND AND 
BIBi2 BSC J 1 RIND] 1 R IND 
| BCLR6 
2 BSC |1 RIND | 1 RIND 
BCLR7 
z BSC } 1 RIND} RIND ot 
DEC ° BRSETO BSETO : 
1 SD]3 BIBI2 BSC | 2 IMM | 2 he 
4 
eae "BASEN anaes 
BTB|2 
° BRSET2 BSET2 
3 BIBj]2 BSC {2 IMM 
"RSET BSET3 SUB ene 
BYTB]2 BSC IMM | 2 
° BRSETA BSET4 
‘ 3 BT B{2 BSC | 2 i 
A ° “BRSETS BSETS 
SD]! 2h BTBi2 BSC [2 IMM | 2 
BSET6 
BSC 2 

















BSET7 # 
Abbreviations for Address Modes LEGEND 
INH Inherent * Indicates Instruction Reserved for Future Use 
S-D — Short Direct a Indicates Illegal Instruction 


Opcode in Hexadecimal 


B-T-B Bit Test and Branch 

IMM Immediate ; 

DIR Direct Cycles 
EXT Extended Mnemonic 
REL Relative . Bytes 
BSC Bit Set/Clear : : 
R-IND Register Indirect —————_—____—_—_—_—— Address Mode 


Opcode in Binary 
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ADDRESSING MODES 


The MCU has nine different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. It deals with objects in three dif- 
ferent address spaces: program space, data space, and 
stack space. The term “effective address” (EA) is used in 
describing the various addressing modes. Effective ad- 
dress is defined as the address from which the argument 
for an instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is lo- 
cated in program ROM. It is contained in the byte im- 
mediately following the opcode. The immediate 
addressing mode is used to access constants that do not 
change during program execution, such as a constant 
used to initialize a loop counter. 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the 256 bytes in memory with a single two-byte 
instruction. 


SHORT DIRECT 


In the short direct addressing mode, the MCU has four 
locations in data space RAM which it can use, ($80, $81, 
$82, and $83). The opcode determines the data space 
RAM location, and the instruction is only one byte. Short 
direct addressing is a subset of the direct addressing 
mode. The X and Y registers are at locations $80 and $81, 
respectively. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is obtained by concatenating the four 
least-significant bits of the opcode with the byte following 
the opcode to form a 12-bit address. Instructions using 
the extended addressing mode, such as JMP or JSR, are 
capable of branching anywhere in program space. An 
extended addressing mode instruction is two bytes long. 


RELATIVE 


The relative addressing mode is only used in condi- 
tional branch instructions. In relative addressing, the con- 
tents of the 8-bit signed byte (the offset) following the 
opcode is added to the PC if, and only if, the branch 
conditions are true. Otherwise, control proceeds to the 
next instruction. The span of relative addressing is from 


— 15 to + 16 from the opcode address. The programmer 
need not calculate the offset when using the Motorola 
assembler, since it calculates the proper offset and checks 
to see that it is within the span of the branch. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte in which 
the specified bit is to be set or cleared. Thus, any bit in 
the 256 locations of data space memory that can be writ- 
ten to can be set or cleared with a single two-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports A and B are write 
only registers (registers at $04, $05). A read oper- 
ation on these registers is undefined. Since BSET 
and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit; all “un- 
affected”’ bits would be set. Write all DDR bits in a 
port using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The data space address of the 
byte to be tested is in the single byte immediately fol- 
lowing the opcode byte. The third byte is sign extended 
to twelve bits and becomes the offset added to the PC if 
the condition is true. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the 256 locations of memory. The span 
of branching is from —125 to +130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry flag. 


REGISTER-INDIRECT 


In the register-indirect addressing mode, the operand 
is at the address in data space pointed to by the contents 
of one of the indirect registers, X or Y. The particular 
indirect register is selected by bit 4 of the opcode. Bit 4 
decodes into an address that represents the register, $80 
or $81. A register-indirect instruction is one byte long. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. These instructions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


Supply Voltage 
Input Voltage 


Current Drain per Pin 
Excluding Vpp and Vss 


Total Current for 
Ports A, B, C EXTAL, TIM 


Symbol 


ee 


Thermal Resistance 
Plastic 
POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Ta t+ (Pp ° 8ya) (1) 
where: . 
TA = Ambient Temperature, °C 
OIA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pint +Pport . 
PINT =Icc x Vec, Watts — Chip Internal Power 


Pport = Port Power Dissipation, 
Watts — User Determined 


VDD 


Pin 
Under 
Test 





rms Value 
eer 





This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields. However, it is advised that nor- 
mal precautions be taken to avoid applications of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation it is recommended that Vip and Voyt be con- 
strained to the range Vss<(Vjn)<Vpp. Reliability 
of operation is enhanced if unused inputs except 
EXTAL are connected to an appropriate logic volt- 
age level (e.g., either Vss or Vcc). 





For most applications Ppory<Piyjyt and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and T, (if 
Pport is neglected) is: 


Pp=K=+ (Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp * (Ta + 273°C) + 6yArPD2 (3) 


where K is a constant pertaining to the particular part. 
K can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ta. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Typ. 


Vpp = +4.5V 


lIOL/IOH = 800 pA 
Ru =Ry =4.6 kQ 


Vpp = +2.7V 


IOL/IOH = 200 pA 
RE =Ry=10.5 kO 


Vpp= +2.0V 


IOL/IOH = 100 pA 
RL =Ry= 16 kQ 


Figure 9. Equivalent Test Load 
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CONTROL TIMING CHARACTERISTICS 










Cycle Time (Min) 2.2 


TRO Pulse Width we | 2xteye | | = ts 
RESET Pulse Width rm | 2xteye | — | — | os | 
Oscillator Clock Pulse With tL. tOH 















10,000 
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Clock Frequency (Hz) Clock Frequency (Hz) 
Figure 10. Typical RUN Current vs Figure 11. Typical WAIT Current vs 
Clock Frequency . Clock Frequency 
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DC ELECTRICAL CHARACTERISTICS (Typical pull-down sink current for Voyt=Vpp is 50 pA.) 


symbol | Min | typ | Max | Unit, 


Vpp= +5 Vde + 10%, Vgg=0 Vde, Ta =0°C to 70° C 


Output Voltage, ILoqq(10.0 pA VOL = 

| . VOH Vpp- 0.1 
Output High Voltage, ILoad= +800 pA) _ . Ports, TIM VOH Vpp—0.4 ov 
Output Low Voltage, ILoaq= +800 pA) Ports, TIM VOL — 





=~ 


Input High Voltage Ports, TIM, XTAL, MDS VIH 0.7xVpp VDD L V 
. IRQ, RESE ViH | (0.8xVpp Vpp 

Input Low Voltage Ports, TIM, XTAL, MDS Vit Vss 0.3 Vpp V 

aa IRQ, RESET VIL Vss 0.2xVpp ; 


Total Supply Current . 
C, =50 pF, Ports, TIM, IDD 3 
No dc load, teyc = 1/fcL (max), IDD ; 1 
Vit =0.2 V, ViH=Vpp —0.2 V IDD 5 


Capacitance per Pin PORTS (as Input or Output) Cout 
RESET, IRQ, TIM, XTAL, MDS i 



















Output High Voltage, ILopag= —200 pA) Ports, TIM VOH Vpp — 0.3 
Output Low Voltage, ILpaq= +200 pA) Ports, TIM VOL — 
Input High Voltage | Ports, TIM, XTAL, MDS ViH 0.7xVpp 
IRQ, RESET VIH 0.8x Vpp 
Input Low Voltage Ports, TIM, MDS, XTAL 
IRQ, RESET 







Total Supply Current 
C, =50 pF, Ports, TIM, RUN 
No dc load, teye= 1/fcL(Max), WAIT* 
ViL=0.2 V, ViH=Vpp — 0.2 V STOP* 










Capacitance per Pin PORTS (as Input or Output) Cout 
RESET, IRQ, TIM, XTAL, MDS 





Output High Voltage, ILoad= — 100A) Vpp — 0.3 


Ports, TIM VOH 
Output Low Voltage, I_oag= +100 pA) Ports, TIM VOL — 
Input High Voltage Ports, TIM, XTAL, MDS VIH 0.7xVpp 
. IRQ, RESET VIH 0.8<Vpp 
Input Low Voltage | Ports, TIM, MDS, XTAL VIL  Vss 
er IRQ, RESET VIL Vss_ 


Total Supply Current ai ey 
C_ =50 pF, Ports, TIM, : IDp 
No dc load, toy = 1/fcL(Max), IDD 
Vit =0.2v, VIH=Vpp — 0.2 V, IDD 


VO Ports Input Leakage Vsg(ViVpp 














Input Current . REST, IRO, TIM fe — olline .. lle. ee 


Capacitance per Pin PORTS (as Input or Output) Cout 
- RESET, IRQ, TIM, XTAL, MDS Cin 


*Measured under the following conditions: 

- All ports and timer pin are configured as input - EXTAL is open circuit 

~ XTAL is driven by a square wave input . — port pull downs not enabled 
NOTE: Typical pull-down sink current for Voyt=Vpp is 50 pA. 





— | I+ 
0O NO 
F 

o 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to 
Motorola using the following media: 

MDOS, disk file 
MS-DOS disk file (360K) 
EPROM(s) 2516, 2716, 2532, 2732 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS®™ or MS-DOS 
disk file), programmed with the customer’s program (po- 
sitive logic sense for address and data), may be submitted 
for pattern generation. The diskette should be clearly la- 
beled with the customer's name, date, project or product 
name, and the filename containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola's Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6804 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6804 memory. It is necessary to include the entire 
memory image of both program and data space. All un- 
used bytes, including those in the user space, must be 
set to logic zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. Disk 
media submitted must be standard density (360K), dou- 
ble-sided 5 1/4 inch compatible floppy diskette. The dis- 
kette must contain the object file code in Motorola’s 
S-record format. The S—-record format is a character-based 
object file format generated by M6804 cross assemblers 
and linkers on IBM® PC style machines. 


EPROMS 


Four K of EPROM are necessary to contain the entire 
MC68HC04J3 program. Two 2516 or 2716 type EPROMs 
or a single 2532 or 2732 type EPROM can be submitted 


MDOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


for pattern generation. The EPROM is programmed with 
the customer program using positive logic sense for ad- 
dress and data. Submissions on two EPROMs must be 
clearly marked. All unused bytes, including the user's 
space, must be set to zero. 

If the MC68HC04J3 MCU ROM pattern is submitted on 
one 2532 or 2732 EPROM, or on two 2516 or 2716 type 
EPROMs, memory map addressing is one-for-one. The 
data space ROM runs from EPROM address $018 to $05F 
and program space ROM runs from EPROM address $970 
to $FF7, with vectors from $FFC to $FFF. 

For shipment to Motorola, EPROMs should be placed 
in a conductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment. 


Verification Media 


All original pattern media, EPROMs or floppy disks, are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM Verification Units (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 


Ordering Information 


The following table provides generic information per- 
taining to the package type, temperature, and order num- 
bers for the MC68HC04J3. 


Ordering Information 


Package Type Order Number 





Plastic 0°C to 70°C MC68HC04J3P 
(P Suffix) —40°C to +85°C | MC68HCO04J3CP 


IBM is a registered trademark of Internal Business Machines Corporation. 
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MECHANICAL DATA 


PIN ASSIGNMENTS 
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Product Preview 
8-Bit HCMOS Microcontroller Unit 


The MC68HC04P4 Microcontroller Unit (MCU) device is a member of the M68HC04 Family of low- 
cost, low-power, single-chip microcontrollers. It is designed for the user who needs an economical 
MCU with the proven capabilities of the M6805-based instruction set. 

The following are some of the hardware and software features of the MC68HC04P4. 

@ HCMOS Technology 
Power Saving STOP and WAIT Modes 
156 Bytes of RAM 
3744 Bytes User ROM (including RESET and IRQ vectors) 
72 Bytes of Data ROM 
352 Bytes of Selfcheck ROM 
20 Bidirectional Memory Mapped 1|/O 
Versatile Indirect X and Y Registers 
On-Chip Clock Generator 
Master and Power-Up Reset 
External and Timer Interrupts 
Single 2-6 Volt Supply: 
Byte Efficient Instruction Set 
True Bit Manipulation 
Bit Test and Branch Instruction 
Conditional Branch 
Single Instruction Memory Examine/Change 
Timer Pin is Software Programmable as Clock Input or Timer Output 
9 Powerful Addressing Modes 
STOP and WAIT Instructions 
Crystal/Ceramic Resonator 


User’s Selectable Options 
— Pull-ups on IRQ and RESET 
— Crystal or Ceramic Resonator Oscillator or Special Resistor and Capacitor 
— Interrupt, Edge Sensitive, or Special Level-Sensitive, or Edge and Level Sensitive 


28-Pin DIP and PLCC Package 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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Product Preview 


One Time Programmable ROM (OTPROM) or 
Standard Eraseable Programmable Read-Only 
Memory (EPROM) Microcomputer 


The MC68HC704P4 Microcomputer Unit (MCU) device is similar to the MC68HC04P4 with the foi- 
lowing exceptions. The exceptions incorporate 3740 bytes of One Time Programmable Read-Only 
Memory (OTPROM) or Standard Eraseable Programmable Read-Only Memory (EPROM) and 124 
bytes of RAM (refer to the block diagram). 


The following are some of the hardware and software features of the MC68HC704P4. 
@e HCMOS Technology 
@ Power Saving STOP and WAIT Modes 

124 Bytes of RAM 

3740 Bytes of OTPROM or EPROM (including RESET and IRQ vectors) 

72 Bytes of Data PROM/EPROM 

352 Bytes of Selfcheck ROM 

20 Bidirectional Memory Mapped |/O 

Versatile Indirect X and Y Registers 

On-Chip Clock Generator 

Master Reset 

External and Timer Interrupts 

Single 2-6 Volt Supply 

Byte Efficient Instruction Set 

True Bit Manipulation 

Bit Test and Branch Instruction 

Conditional Branch 

Single instruction Memory Examine/Change 

Timer Pin is Software Programmable as Clock Input or Timer Output 

9 Powerful Addressing Modes 

STOP and WAIT Instructions 

Crystal/Ceramic Resonator 


OTPROM/EPROM Option Register User’s Options 
—Edge or Level IRQ 
-Oscillator Divide Ratio (by 1, 2, or 4) 
—OTPROM/EPROM Content Protection 


OTPROM/EPROM Self-Programming Mode 

OTPROM/EPROM Contents Verification by On-Chip Signature Analysis 
28-Pin DIP (OTPROM) Package 

28-Pin DIP (EPROM Window) Package 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 
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RESET CONTROL | 
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1/0 PORT 








3740 BYTES — 








: BIDIRECTIONAL 
/0 PINS 
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INTERRUPT EXTERNAL OTPROM 
INTERRUPT EPROM 


72 BYTES DATA 
OTPROM 


TIMER INPUT OR EPROM 


TIMER OUTPUT 








356 BYTES 
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~ 


Technical Summary 
8-Bit Microcomputer Unit 


The MC6805P2 (HMOS) Microcomputer Unit (MCU) is a member of the MC6805 Family of micro- 
computers. This low cost and high speed MCU has parallel !/O capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor- 
mation, refer to M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the below list for additional features 
available on the MCU. 


































@ Internal 8-Bit Timer with 7-Bit Programmable Prescaler e Vectored Interrupts 
@ On-chip Oscillator e 64 Bytes RAM 
@ Memory Mapped 1/O @ Low Voltage Inhibit Option 
@ Versatile Interrupt Handling e Self-Check Mode 
e True Bit Manipulation e Master Reset 
@ Bit Test and Branch Instruction e 1100 Bytes ROM 
e 20 1/0 Ports 
BLOCK DIAGRAM 
XTAL EXTAL RESET NUM INT 
7 g Counter 
PBO 
Accumulator PB1 
8 A CPU Data | Port PB2 Port 
Register Reg. Reg. 
PAO ee x a ad PB5 Lines 
PAI Condition PB6 
a ives Port | Data Code PB7 
5 Register 
0 PAA =i a —— 
Lines PAS 9: 9. Stack 
PA6 Pointer 
PA7 9 SP PCO Port 
Program Data Port PC1 C 
Counter Dir. C PC2 1/0 
3 ian PCH Beg: | Beg: PC3 Lines 
1100 x8 Program 
User ROM Counter 
116 X 8 Self- Low PCL 64X8 
Check ROM RAM 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vcc is +5.25 volts (+0.5A) power, and Vs¢ is 
ground. 


INT 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for additional information. 


NUM (Non-User Mode) 


This pin is not for user applications and must be con- 
nected to Vss. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal (depending 





Crystal 


Approximately 25% to 50% Accuracy 


upon selected manufacturing mask options) is connected 
to these pins to provide a system clock. 


RC Oscillator 

With this option, a resistor is connected to the oscillator | 
pins as shown in Figure 1. The relationship between R 
and fosc¢ is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. 


External Clock 

An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. 





External = 
Clock 
Input 


External Clock 


External Jumper 


Crystal Parameters 


EXTAL L4 Rs XTAL 


4 oF 5 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max. 

Freq=4.0 MHz@C; = 24 pF 

Rs =50 ohms Max. 


Piezoelectric ceramic: resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Co, C1, and Rs values. 


Vcc 






Connection 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


NOTE: The recommended Cy, value with a 4.0 MHz crystal is 27 pF maximum including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequence ratio. For example, with a 2 MHz crystal, use approximately 
50 pF on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal 


used. 


Figure 1. Oscillator Connections 
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Oscillator Frequency (MHz) 


0 10 20 30 40 50 60 70 80 


Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option only 


TIMER 


This pin can be used as an external input to control the 
internal timer/counter circuitry or gating 2 input to timer, 
depending on mask option. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO-PC3) 


These 20 lines are arranged into two 8-bit ports (A and 
B) and one 4-bit port (C). Ports A, B, and C are programm- 
able as either inputs or outputs under software control 
of the data direction registers. Refer to PROGRAMMING 
for additional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Any port pin is programmable as either input or output 
under software control of the corresponding data direc- 
tion register (DDR). The port I/O programming is accom- 
plished by writing the corresponding bit in the port DDR 
to a logic 1 for output and a logic 0 for input. On reset, 
all the DDRs are initialized to a logic 0 state to put the 
ports in the input mode. The port output registers are not 
initialized on reset and should be written to before setting 
the DDR bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic Jevels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This may be used to initialize the data 
registers and avoid undefined outputs. Care must be ex- 
ercised when using read-modify-write instructions since 
the data read corresponds to the pin level if the DDR is 
an input (0) and also to the latched output when the DDR 





is an output (1). Refer to Table 1 for I/O functions and to 
Figure 3 for typical port circuitry. 


Table 1. /O Pin Functions 


Data 
Direction 
Register 

Bit 





MEMORY 


The MCU is capable of addressing 2048 bytes of mem- 
ory and 1/O registers. The memory map is shown in Figure 
4. The locations consist of 1092 bytes of user ROM, self- 
check ROM, user RAM, a timer control register, and I/O. 
The user interrupt vectors are located from $7F8 to $7FF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 * 0 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 0 


an ee: 


PROGRAM COUNTER (PC) 


The program counter is.an 11-bit register that contains 
the address of the next byte to be fetched. 


10 87. 0 
PCH PCL 
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‘Data 
Direction Register 
- Bit* 


n 
3 6 Latched 
ae) Output 
Ze Data 
ao) Bit 

O 

*DDR is a write-only register and reads as all ‘’1s’’. 

7 PORT DATA REGISTER ‘ 





Port A Addr = $000 
Port B Addr= $001 
Port C Addr= $002 (Bits O—>3) 







PORT DATA DIRECTION REGISTER (DDR) 





(1) Write Only; reads as all ‘1s’ 
(2) 1= Output; O= Input. Cleared to 0 by reset. 
(3) Port A Addr = $004 

Port B Addr = $005 

Port C Addr= $006 (Bits 0—>3) 


Figure 3. Typical Port I/O Circuitry and 
Register Configuration 


STACK POINTER (SP) 


The stack pointer is an 11-bit register that contains the 
address of the next free location on the stack. During an 
MCU ‘reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The six most-significant bits of the stack pointer are 
permanently set at 000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


10 0 


5 4 
pofofofofifr| se 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specifications can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. 
4 0 
afin iz}c| 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


| Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic 1). . 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


7 _ MOTOROLA MICROPROCESSOR DATA 


3-400 





MC6805P2 


000 \1/O Ports 
Timer 
Page Zero RAM 
Access with 127 (128 Bytes) 
Short 128 
Instructions Page Zero 
User ROM 
(128 Bytes) 
255 
256 
959 
960 
Main User 
ROM 
(964 Bytes) 
1923 
1924 
Self Check 
ROM 
2039 (116 Bytes) 
sere Timer Interrupt 
Interrupt sre External Interrupt 
Vectors oe SWI 
Rive Reset 





$000 
$001 
$002 
$003 
$004 * 
$005 * 
ort C DDR] $006* 
$007 
$008 
$009 
$O0A 
Not Used 
(54 Bytes) $03 
$040 
RAM 
(64 Bytes) 
Stack 
(31 Bytes 
Maximum) 
$07F 


*Caution: Data direction registers (DDRs) are write-only, set to $FF. 


Figure 4. Memory Map 


SELF CHECK 


The self check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 
C (bit 3) for an oscillation of approximately 7 Hz. The 
following tests are executed automatically: 

l/O — functionally exercise I/O ports 

RAM — walking bit test 

ROM — exclusive OR with ODD ‘‘1s” parity result 

Timer — functionally exercise timer 

Interrupts — functionally exercise external and timer 

interrupts 

Table 2 shows the status of the LEDs as a result of a 
failure. Port C is tested only once (just after reset). If port 
C fails, no lights will appear. 


Table 2. Self-Check Error Patterns 












(0 |twterupt Faire 
1 [eed Port A or Pot 
Po [eedRAM 
aa 





Eo] 
ace 
aed 
Pad 


Bad RAM . 


RESETS 


The MCU can be reset three ways: (1) by initial power- 
up, (2) by the external reset input (RESET), and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 





POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRH, milliseconds is required before 
allowing the RESET input to go high. Connecting a ca- 
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 








EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at VIRES — to provide an internal reset voltage. 





LOW-VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
certain level (V_yj|). The only requirement being that Vcc 
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Vcc=Pin 3 
Vss=Pin 1 





23 
22 
21 
20 


ii 


pB7 {19 


17 


re 


15 


* This connection depends on the clock oscillator user selectable mask option. 
Use crystal if crystal option is selected. 


Figure 5. Self-Check Connections 





Figure 6. Power-Up RESET Delay Circuit 


must remain at or below the V_yj threshold for one toyc 
minimum. © 

In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc. The ouput from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (ViypR), at 
which time a normal power-on reset occurs. 





INTERRUPTS 


The MCU can be interrupted three different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, or (3) using the software 
interrupt instruction (SWI). | 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and then 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 





NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and if unmasked 
(| bit clear) proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
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' 11 | Code Register 








n+1 





n+2 






n+3 






n+4 





n+5 






Push 


*For subroutine calls, only PCH and PCL are stacked. 


Figure 7. Interrupt Stacking Order 
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Cycles 


MC6805P2 


timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


If the timer mask bit (TCR6) is cleared, then each time 
the timer decrements to zero (transitions from $01 to $00) 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 


Clear 









lear 
INT 

Request 

Latch 


Stack 
PC, X, A, CC 










Load PC From: 
SWI: 7FC/7ED 
INT: 7FA/7FB 
TIMER: 7F8/7F9 










PC=PC+1 


Figure 8. Reset and Interrupt Processing Flowchart 


MOTOROLA MICROPROCESSOR DATA 


3-403 








MC6805P2 


interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT. Clearing the | bit 
enables the external interrupt. The MC6805P2 only re- 
quires negative edge-sensitive trigger interrupts. The fol- 
lowing paragraphs describe two typical external interrupt 
circuits. 


Zero-Crossing 

A sinusoidal input signal (fj 47 maximum) can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 


Digital-Signal Interrupt Sn 

With this type of circuit (Figure 9b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw , tWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


(a) Zero-Crossing Interrupt 


ac 


(Current 
Input ; ) 
(finT Max.) ee 2 | iNT 
R<1 Mn Ma 
ac Inputs 5 0.1-1.0 
10 Vac p-p uF 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The timer source is made during manufacturing as 
a mask option. The 8-bit counter may be loaded under 
program control and is decremented toward zero. When 
the timer reaches zero, the timer interrupt request bit (bit 
7) in the timer control register (TCR) is set. Refer to Figure 
10 for timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared, the proces- 
sor receives the interrupt. The MCU responds to this in- 
terrupt by 1) saving the present CPU state on the stack, 
2) fetching the timer interrupt vector, and 3) executing 
the interrupt routine. The timer interrupt request bit must 
be cleared by software. Refer to RESETS and INTER- 
RUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1; however, the TCR bit 3 always reads as a logic 
0 to ensure proper operation with read-modify-write in- 
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. Three machine cycles are 
required for a change in state of the TIMER pin to dec- 
rement the timer prescaler. 

Clock input to the timer can be from an external source 
or from the internal phase two signal. Clock source is one 
of the mask options available. A prescaler mask option 
is also available that can provide up to a maximum of 
128 counts to the clock input. 


NOTE 


lf b2 is used timer input should be tied to Vcc. If 
low, it will gate 2 off. 


(b) Digital-Signal interrupt 


VCC 





TTL 
Level 
Digital 
Input 


- Figure 9. Typical Interrupt Circuits 
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2 
(Internal) 






Manufacturing 
Mask 


Options Write 


TIMER CONTROL REGISTER (TCR) $009 


This 8-bit register controls timer interrupt request and 
inhibit signals. 





7 6 5 4 3 2 1 0 
ie i Ie ene eae 
RESET: 

0 1 U U U U U U 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 
1=Set when the timer data register changes to all 
zeros 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt 
1 =Interrupt inhibited 
0=Interrupt enabled 
Bits 5 through 0 
Not used 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 


Prescaler 
2\ 92. 93-94 99°96" 97 


8 Bit Counter 
Timer Data Register (TDR) 







Timer 
—J—-—. Interrupt — Timer 
Request Interrupt 
Mask (TIM) 


Not Used 






' (THR) 
1 
_.! 






Timer Control Register (TCR) 


Read Write Read 


Internal Data Bus 


Figure 10. Timer Block Diagram 


jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 



















Load A from Memory 

Load X from Memory 

Store A in Memory 

Store X in Memory 

Add Memory to A 

Add Memory and Carry toA 

Subtract Memory 

Subtract Memory from A with Borrow 
AND Memory to A 

OR Memory with A 

Exclusive OR Memory with A 
Arithmetic Compare A with Memory 
Arithmetic Compare X with Memory 
Bit Test Memory with A (Logical Compare) 


Jump Unconditional 





Jump to Subroutine 


Memon | 
con 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
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code register. Refer to the following list for bit manipu- 
lation instructions. 


ee 
| ae) 
aca 
















BSET n (n=0 
BCLR n (n=0 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 






= 







BRANCH INSTRUCTIONS . 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 


Function | Mnemonic | 

| 
CC 
cs 
















[Branch fNotEqual | BNE 
[Branch if€qual TBE 


— Continued — 


Branch if Interrupt Mask Bit is Set 
i 


Function | Mnemonic | 











[Function | Mnemonic | 
BHCC 
BHCS 


Branch if Interrupt Line is Low 
Branch if Interrupt Line is High 






Branch to Subroutine BSR 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


Transfer A to X TAX | 










SE 


Reset Stack Pointer 


No-Operation 


OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 
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[= Be Manipulation" Branch 
aso | 
BRSETO BSETO 
IBRCLRO "BCLRO BRN 
BSC REL 
RSET "BSET! BHI 
R 
BRCLRT "BCLAI BLS 
BRSETZ " BseT2 
SBRCLR2 "BCLA2 oo 
IBRSETS "BSET3 BNE 
R 
4 
‘BRCLAS " BCLA3 
‘BRSETA " BSET4 
IBRCLRA "BCLRA 
BRSETS "BSETS 
BRCLRS > BCLRS BMI 
REL 
‘BRSETE ,BSETE | BMC 
REL 
‘BRCLAG CLRE 
‘BRSET7 "BSeTT BIL 
REL 
BRCLA BCLRT BIH 
REL 


BRA 


BCC 





" BHCS 


BPL 


BMS 


Abbreviations for Address Modes 


INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
1X1 
IX2 


Inherent 

Immediate 

Direct 

Extended 

Relative 

Bit Set/ Clear 

Bit Test and Branch 

Indexed (No Offset) 

Indexed, 1 Byte (8-Bit) Offset 
Indexed, 2 Byte (16-Bit) Offset 


Table 3. Opcode Map 





Read-Modify-Write 
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Control Register / Memo 





at 
MEERA 























anit 
fon) 






aan 
n 





x 
are 


> 
is) 
12) 





1 IX Wit 





Opcode in Hexadecimal 


# of Cycles 
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The term “effective address’ (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 


to the PC if, and only if, the branch conditions are true. | 


Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from 
the opcode address. 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this 2-byte in- 
struction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 


tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this 3-byte 
instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single 2-byte instruc- 
tion. 


CAUTION 


The corresponding DDRs for ports, A, B, and C are 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers always 
returns a “’1’’. Since BSET and BCLR are read-mod- 
ify-write functions, these instructions cannot be used 
to set or clear a DDR bit (all “unaffected” bits would 
be set). It is recommended that all DDR bits in a 
port be written using a single-store instruction. 


BIT TEST and BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-byte in- 
struction allows the program to branch based on the con- 
dition of any readable bit in the first 256 locations of 
memory. The span of branching is from — 125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT | 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 


-other arguments are included in this mode. These in- 


structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


[Rating —(Symbst[ Valve 
[sappy Vokage SS*dCce (| ote 0 |v 


Input Voltages 
(Except Timer in Self-Check 


These devices contain circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, normal 
precautions should be taken to avoid appli- 
cation of any voltage higher than the maxi- 
mum rated voltages to this high-impedance 













—0.3 to +7.0 










Mode) —0.3 to +15.0 circuit. For proper operation, Vin and Vout 
Self-Check Mode (TIMER Pin should be constrained to the range Vss = 
Only) (Vin and Vout) < Vcc. Reliability of operation 


is enhanced if unused inputs except EXTAL 
are tied to an appropriate logic voltage level 
(e.g., either Vss or Vcc). 


Operating Temperature Range 











0 to 70 


my —40 to +85°C* 


VCC 
Vin 
TA 

Ty 


Storage Temperature Range 


Junction Temperature 
Plastic 
Cerdip 






*Available at additional cost 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance 
Cerdip 
Plastic 






POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Ta t+ Pp ° 8ya) (1) 
where: 
Ta  =Ambient Temperature, °C 
093A = Package Thermal Resistance, 


Junction-to-Ambient, °C/W 
Po = Pint+Pro 
PINT =!ecVec, Watts - Chip Internal Power 
PiiQ = Power Dissipation on Input and Output 
Pins — User Determined 


For most applications P}/g<Pjy7 and can be neglected. 
The following is an approximate relationship between 
Pp and Ty (if Py/o is neglected): 


Pp =K=(Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp + (Ta +273°C) +0, * PH2 (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ty. Using this value of K, 
the values of Pp and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty. 
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ELECTRICAL CHARACTERISTICS PS 
(Vcc= +5.25 +0.5 Vdc, Vgg =0 Vdc, Ta =0° to 70°C, unless otherwise noted) 


Characteristic _ Senta. 


Input High Voltage 
RESET (4.75 < Vcc < 5.75) 
VIRES — 
VIRES + 


INT Zero Crossing Input Voltage, Through a Capacitor VINT 


Internal Power Dissipation - No Port Loading Vcc = 5.75 V, PINT 
Ta=0°C 
Input Capacitance ae 


XTAL 
Low Voltage Recover VLVR 


All Other 
Low Voltage Inhibit 0°C to 70°C VLVI a - V 
—40°C to +85°C 


Input Current 
TIMER (Vin =0.4 V) 
INT (Vin = 2.4 V to Vcc) 
EXTAL (Vin =2.4 V to Vcc, Crystal Option) 
(Vin =0.4 V, Crystal Option) 
RESET (Vjn =0.8 V) 
(External Capacitor Charging Current) 


















‘(Vec < 4.75) 
INT (4.75 < Vcc < 5.75) | 
(Vcc < 4.75) 
All Other 





Input High Voltage Timer 
Timer Mode . 
Self-Check Mode 


Input Low Voltage 
RESET 
INT 

All Other 


RESET Hysteresis Voltage 
“Out of Reset’”’ 
“Into Reset’ 






















































*Due to internal biasing, this input (when unused) floats to approximately 2.0 Vdc. 


Vcc =5.7/5V 









Vcc=5./5V 








Test MMD6150 Test MMD6150 
Point or Equiv. 15k Pare Point or Equiv. 2 97 kn 
40 pF 1.25k2¢9 mMmMD7000 30 pF (Total) 30 pF MMD7000 
(Total) or Equiv. 
(Total) or Equiv. ota 


Figure 11. TTL Equivalent Test Load Figure 12. CMOS Equivalent Test Load Figure 13. TTL Equivalent Test Load 
(Port B) (Port A) (Ports A and C) 
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PORT DC ELECTRICAL CHARACTERISTICS 
(Vcc =5.25 +0.5 Vdc, Vgg =0 Vdc, Ta =0° to 70°C, unless otherwise noted) 


Characteristic 


Output Low Voltage, l_oaq=1.6 mA ee ae eae ee ee 
output High Votege, woag=—10008 ——=SSsdtS | ee | 
output High Votage,tgsd=—=10nA ——S—S* Vow | vec | 
Input High Voltage, load=~300»A(max) |i | 20 | 

Input Low Voltage, !! ggqg= —500 2A (max.) Jip Vss 
if 

Hi-Z State Input Current (Vj, =0.4 V) 


Output Low Voltage, IL gaq=3.2 mA VOL 


Port C and Port A with CMOS Drive Disabled 
Output Low Voltage, l_oaq=1.6 mA VOL 


Output High Voltage, ll 9aq= — 100 pA VOH 
Input High Voltage VIH 
Input Low Voltage VIL 


Hi-Z State Input Current ITSI 
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SWITCHING CHARACTERISTICS 
(Vcc = + 5.25 +0.5 Vdc, Vssg =0 Vdc, Ta =0° to 70°C, unless other noted) 


Characteristic 


Oscillator Frequency MC6805P2 
MC68A05P2 
MC68B05P2 


Symbol 


=| 
~< 
xe) 


on 

















MHz 





0.4 


—> 


: onk 
O};}OOnN 
i¢2) 97) 





Cycle Time (4/fosc) 


<4 
77) 


teyc 


INT and TIMER Pulse Width (see Interrupt Section) tWL tWH 


3 


RESET Pulse Width tRWL 
RESET Delay Time (External Capacitance = 1.0 wF) tRHL 
INT Zero Crossing Detection Input Frequency fINT 


External Clock Input Duty Cycle (EXTAL) 


teye + 250 


= 
7) 


oO 


¢ © 
co 
a) on 


0 


= 
j=) 
~~ 
— 


zZ 


° 
o 
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a “Dip” 
V 
CC In Power 


RESET 
Pin 


‘Internal 
Reset 





Figure 14. Power and Reset Timing 


Vcc Vcc 


Port A CMOS 
Pullup Option 









Port DDR 
Port Data 


PAD 





Port DDR 
Port Data 





IP = Input Protection 


IP = Input Protection 


Figure 16. Port B Logic Diagram 
Figure 15. Ports A and C Logic Diagram 


| 
To I/O Logic Test Point <—————— 


: +3 Vary V, 
Measure | 
(+). 





Figure 17. Typical Input Protection Figure 18. I/O Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS, disk file 
MS-DOS/PC-DOS disk file 
EPROM(s) 2516, 2716, or 68705P3 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, sales person, 
or Motorola representative. 


NOTE 
The low cost resistor oscillator option is not avail- 
able on B54F mask. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS@ or MS®-DOS/ 
PC-DOS disk file), programmed with the customer's pro- 
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis- 
kette should be clearly labeled with the customer’s name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. It is necessary to include the entire 
memory image of both data and program space. All un- 
used bytes, including those in the user space, must be 
set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


MDOS is a trademark of Motorola Inc. 
MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


EPROMs 


A 2516, 2716, or 68705P3 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one of these EPROM devices, the EPROM must be 
programmed as described in the following paragraphs. 

The program space ROM must start at EPROM address 
$080. If the customer program starts at any other address, 
the EPROM must be marked accordingly. All unused bytes, 
including the user’s space, must be set at zero. For ship- 
ment to Motorola, EPROMs should be placed in a con- 
ductive IC carrier and packed securely. Styrofoam is not 
acceptable for shipment. 


EPROM MARKING 


XXX 


L_260_ 


XXX = Customer ID 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disks from the data file 
used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
with five volts at room temperature. These RVUs are free 
with a minimum order quantity but are not production 
parts. These RVUs are not guaranteed by Motorola Qual- 
ity Assurance. 


IBM is a registered trademark of International Business Machines Corporation. 
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The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC6805P2. | 


\ 


Table 4. Generic Information 


Internal Clock 
Package Type rreaeney (MHz) Temperature Order Number 


Plastic (P Suffix) © 0° to 70°C | MC6805P2P_ 
. 0° to 70°C | MC68A05P2P 
0° to 70°C MC68B05P2P 


—40° to + 85°C MC6805P2CP 
Cerdip (S Suffix) . ‘1. 0° to 70°C MC6805P2S — 
. 3 0° to 70°C MC68A05P2S 
oo : 0° to 70°C MC68B05P2S 
PLCC (FN Suffix) é 0° to 70°C MC6805P2FN 
— 40° to +85°C MC6805P2CFN 





MECHANICAL DATA 


i; PIN ASSIGNMENTS 





28-PIN DUAL-IN-LINE PACKAGE 28-LEAD PLCC PACKAGE 


28 [] RESET 

1} PAT 

26 [] PAG 

25 [JPA5 

24 []PA4 | sie 
23 [] PA3 NUM 
1 PA2 | TIMER 
21 {]PAT. | pco 
20f]PAO - | PC} 
19 [] PB7 pc? 
19f}PB6 Pc3 
17 1] PBs 

16 []PB4 

15 (] PB3 


4 Vec 
INT 
Uf RESET 
1} PA7 


= 
= 
x< 
oid 
4 


o> {] PAG 


~ 

= 

—_ 
© 





PAS 
PA4 
PA3 

-PA2 
PAI 
PAO 
PB7 
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Technical Summary 
8-Bit Microcontroller Unit 


The MC6805P6 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of 
microcontrollers. This low cost and high-speed MCU has parallel I/O capability with pins 
programmable as input or output. This publication contains condensed information on the MCU; 
for detailed information, refer to M6805 HMOS, M146805 CMOS Family User’s Manual 
(M6805UM(AD2)) or contact your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 


@ Internal 8-Bit Timer with 7-Bit 
Programmable Prescaler 


On-chip Oscillator 

Memory Mapped |/O 

Versatile Interrupt Handling 
True Bit Manipulation 

Bit Test and Branch Instruction 
Vectored Interrupts 


Low Voltage Inhibit Option 
Self-Check Mode 

Master Reset 

1804 Bytes ROM 

64 Bytes RAM 

20 1/0 Ports 





BLOCK DIAGRAM 





XTAL EXTAL 


Oscillator 


TIMER Prescaler 
7 g Counter 



























PBO 
Accumulator PBI 
8 A CPU Data | Port PB2 Port 
Index Control Dir B PB3 BB 
PB4 !/O 
PAO BOOSIE ay Reg. | Reg. PBS Lines 
PAI Condition PB6 
Port PA2 Port | Data Code PB7 
A PA3 A Dir 5 Register CC 
1/0 PA4 Reg Rea 
Lines PA5 9. Stack 
PA6 Pointer 
5 SP 
PA? =o Data | Pot [oS crc 
Counter ae C PC2 VO 
3. High PCH eg. | Reg. } PC3 Lines 
1804 X 8 Program 
EPROM Counter 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


116 X 8 Self- 
Check ROM 






Low PCL 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vcc is 5.25 volts (+0.5A) power, and Vss is 
ground. — 


NUM (Non-User Mode) 


This pin is not for user applications and must be con- 
nected to Vss. 


INT 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal (depending 





Crystal 


Approximately 25% to 50% Accuracy 


upon selected manufacturing mask options) can be con- 
nected to these pins to provide a system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. 


External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. 





External = 
Clock 
Input 


External Clock 


External Jumper 


Crystal Parameters er 
EXTAL Ly Rs XTAL 
4 Co 5 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max. - Be is 
Freq=4.0 MHzZ@C| = 24 pF 

Rs =50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Co, C1, and Rs values. 


Vcc 






Connection 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


NOTE: The recommended C, value with a 4.0 MHz crystal is 27 pF maximum including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequence ratio. For example, with a 2 MHz crystal, use approximately 50 
pF on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal 


used. 


Figure 1. Oscillator Connections 
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TIMER 


This pin can be used as an external input to control the 
internal timer/counter circuitry or for gating 2 input to 
timer, depending on mask option. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PA0-PA7, PB0O-PB7, PCO-PC3) 


These 20 lines are arranged into two 8-bit ports (A and 
B) and one 4-bit port (C). Ports A, B, and C are programm- 
able as either inputs or outputs under software control 
of the data direction registers. Refer to PROGRAMMING 
for additional information. 


8.0 
7.0 
6.0 
5.0 
40 
3.0 


2.0 


Oscilator Frequency (MHz) 


0 10 20 30 40 50 60 70 80 
Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Any port pin is programmable as either input or output 
under software control of the corresponding write-only 
data direction register (DDR). The port I/O programming 
is accomplished by writing the corresponding bit in the 
port DDR to a logic 1 for output and a logic 0 for input. 
On reset, all the DDRs are initialized to a logic 0 state to 
put the ports in the input mode. The port output registers 
are not initialized on reset, and should be written to be- 
fore setting the DDR bits. . 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (0) and also to the latched output when 
the DDR is an output (1). Refer to Table 1 for I/O functions 
and to Figure 3 for typical port circuitry. 


Table 1. I/O Pin Functions 


Data 
Direction 


Register Output 


Bit State 





MEMORY 


The MCU is capable of addressing 2048 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of 1668 bytes of user ROM, user 
self-check ROM, user RAM, a timer control register, and 
i/O. The user interrupt vectors are located from $7F8 to 
$7FF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 0 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 0 


PROGRAM COUNTER (PC) 


The program counter is an 11-bit register that contains 
the address of the next byte to be fetched. 


10 8 7 0 
PCH PCL 
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Data 
Direction Register 
Bit* 


Latched 
Output 
Data 
Bit 


internal 
Connections 


*DDR is a write-only register and reads as all ‘1s’. 


PORT DATA REGISTER 





Port A Addr = $000 
Port B Addr= $001 
Port C Addr= $002 (Bits O—>3) 


PORT DATA DIRECTION REGISTER (DDR) 





(1) Write Only; reads as all ‘’1s’’ 
(2) 1=Output; O= Input. Cleared to 0 by reset. 
(3) Port A Addr= $004 

Port B Addr= $005 

Port C Addr= $006 (Bits 0—>3) 


Figure 3. Typical Port I/O Circuitry and 
Register Configuration 


STACK POINTER (SP) 


The stack pointer is an 11-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The six most-significant bits of the stack pointer are 
permanently set at 000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


10. 5 4 0 
pojofofofrfif se 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specifications can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. ? | | 


4 0 
Lalit fate 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as. 
soon as the interrupt bit is cleared. | 


Negative (N) | 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic 1). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. ° 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. | 
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000 I/O Ports 
Timer 
Page Zero RAM 
Access with 127 (128 Bytes) 
Short 128 
Instructions Page Zero 
User ROM 
(128 Bytes) 
255 
256 
Main User 
ROM 
(1668 Bytes) 
1923 , 
1924 
2 Self Check 
ROM 
2039 (116 Bytes) 
Ao Timer Interrupt 
Interrupt AS External Interrupt 
Vectors oe Swi 
et Reset 
*Caution: Data direction registers (DDRs 
Figure 4. 
SELF CHECK 


The self check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 
C (bit 3) for an oscillation of approximately 7 Hz. The 
following tests are executed automatically: 

I/O — functionally exercise I/O ports 

RAM — walking bit test 

ROM — exclusive OR with ODD ‘‘1s” parity result 

TIMER — functionally exercise timer 

Interrupts — functionally exercise external and timer 

- interrupts 

Table 2 shows the status of the LEDs as a result of a 
failure. Port C is tested only once (just after reset). If port 
C fails, no lights will appear. 


Table 2. Self-Check Error Patterns 


Poo | Function 
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RAM 
(64 Bytes) 


Stack 
(31 Bytes 
Maximum) 


$07F 
) are write-only, set to $FF. 


Memory Map 


RESETS 


The MCU can be reset three ways: (1) by initial power- 
up, (2) by the external reset input (RESET), and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 








POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing the RESET input to go High. Connecting a ca- 
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 








EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViIRES — to provide an internal reset voltage. 





LOW-VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
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Vcc=Pin 3 
Vss=Pin 1 





if 


Ojyrm {Nh 


= = 
~N ice) 


—" 
o>) 


i 


* This connection depends on the clock oscillator user selectable mask option. 
Use crystal if crystal option is selected. 


Figure 5. Self-Check Connections 


certain level (V_vyj). The only requirement being that Vcc 
must remain at or below the V_yj threshold for one tcyc¢ 
minimum. 

In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc. The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLyR), at 
which time a normal power-on reset occurs. 






Part of 
MC68705P3 
MCU 


Figure 6. Power-up RESET Delay Circuit 


INTERRUPTS 


The MCU can be interrupted three different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, or (3) using the software 
interrupt instruction (SWI). 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and then 
normal processing resumes. The stacking order is shown 
in Figure 7. ' 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked, 
(| bit clear) proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
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6 5 4 3 2 +1 =+~0 
Condition 
ie) Code Register 


n+] 


n+2 


n+3 


n+4 


n+5 


Push 


* For subroutine calls, only PCH and PCL are stacked. 


Figure 7. Interrupt Stacking Order 


11 Bit (in CC) 


MC6805P6 


timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


If the timer mask bit (TCR6) is cleared, then each time 
the timer decrements to zero (transitions from $01 to $00) 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 


Clear 







O7F-—SP 
0--DDRs lear Stack 
CLR INT Logic INT PC, X, A, CC 
FF--Timer Request 
7F —Prescaler Latch 


7F-—TCR 


Put 7FE on 
Address Bus 









Y 


RESET i 

Pin= Low pee AAEy 
RESET 

Pin = High 







4 


Load PC 


from 
7FE/7FF 








Fetch 
Instruction 


Is Fetched 
Instruction 
an SWI? 


Execute All 
Instruction 
Cycles 






Load PC From: 


SWI: 7FC/7FD 
INT: 7FA/7FB 
TIMER: 7F8/7F9 













PC+PC+1 










Figure 8. Reset and Interrupt Processing Flowchart 
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interrupt is recognized, the current state of the machine 
is pushed onto the stack, and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT. Clearing the | bit 
enables the external interrupt. The MC6805P6 only re- 
quires negative edge-sensitive trigger interrupts. The fol- 
lowing paragraphs describe two typical external interrupt 
circuits. 


Zero-Crossing 


A sinusoidal input signal (fj NT maximum) can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 


Digital-Signal Interrupt 

With this type of circuit (Figure 9b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw _, twWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 

The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The timer source is made during manufacturing as 
a mask option. The 8-bit counter may be loaded under 


(a) Zero-Crossing Interrupt 


ac 


(Current 
Hip Limiting) ead 
(fing Max.) 2 | INT Meu 
Rs1 MQ 
ac Inputs A 0.1-1.0 
10 Vac p-p pF 


program control and is decremented toward zero. When 
the timer reaches zero, the timer interrupt request bit (bit 
7) in the timer control register (TCR) is set. Refer to Figure 
10 for timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared, the proces- 
sor receives the interrupt. The MCU responds to this in- 
terrupt by 1) saving the present CPU state on the stack, 
2) fetching the timer interrupt vector, and 3) executing 
the interrupt routine. The timer interrupt request bit must 
be cleared by software. Refer to RESETS and INTER- 
RUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1; however, the TCR bit 3 always reads as a logic 
0 to ensure proper operation with read-modify-write in- 
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. Three machine cycles are 
required for a change in state of the TIMER pin to dec- 
rement the timer prescaler. 

Clock input to the timer can be from an external source 
or from the internal phase two signal. Clock source is one 
of the mask options available. A prescaler mask option 
is also available that can provide up to a maximum of 
128 counts to the clock input. 


NOTE 


If b2 is used, Timer input should be tied to Vcc. If 
low, it will gate 2 off. 


TIMER CONTROL REGISTER (TCR) $009 


This 8-bit register controls the timer interrupt request 
and inhibit signals. All bits are read/write except bit 3. 


7 6 5 4 3 2 1 0 
fennel a te 
RESET: ; | 

0 1 U U U U U U 


(b) Digital-Signal interrupt 


VCC 





TTL 
Level 
Digital 
Input 


Figure 9. Typical Interrupt Circuits 
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o2 
(Internal) 


TIMER 
Input 
Pin 






Manufacturing 
Mask 
Options Write 


TIR — Timer Interrupt Request 


Used to indicate the timer interrupt when it is logic 


one 
1 = Set when the timer data register changes to all 
zeros 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt. 
1 =Interrupt inhibited 
0=Interrupt enabled 
Bits 5 through 0 
Not used 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand ts either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 


jump to subroutine (JSR) instructions have no register 


operand. Refer to the following list of instructions. | 


[tion 









Mnemonic 








Store X in Memory | 
Add Memory to A 


Prescaler 
2! 22 23 24 25 26 2/ 


8 Bit Counter 
Timer Data Register (TDR) 







Timer 
—-J-—. Interrupt Timer 
Request Interrupt 
(TIR) Mask (TIM) 


1 
I 
! Not Used 









Timer Control Register (TCR) 


Read Write Read 


Internal Data Bus 


Figure 10. Timer Block Diagram 



















Memon | 


Jump to Subroutine 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 


lation instructions. 

BRSET n (n=0... 7) 
BRCLR n (n=0...7) 
BSET n (n=0.:. 7) 
BCLR n (n=0...7) 


Branch if Bit n is Set 


Branch if Bit nis Clear 


Set Bit n 





Clear Bit n 
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READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


[ction (nem 
= 

. 

. 

. 


















| 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 











Mnemonic 
Branch Never | BRN | 
[Branch ifHigher | BHT 
Branch ifLowerorsame | BLS 
__(BHS) | 


Pe 


| BRA 
[Branch if Carry Clear | BCC 
(BHS) 
[Branch ifCary Set |S 


Branch if Half Carry Clear BHCC 
Branch if Half Carry Set BHCS 









Branch if Plus | BPL 
Branch if Minus 


Branch to Subroutine 


BRA 
BHI 

BLS 
BCC 
BCS 
BPL 
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Return from Subroutine 


~ CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 











Transfer A to X 
Transfer X to A 


[Mnemonic | 

Clear Carry Bit. 
SEI 
CLI 





Set Interrupt Mask Bit 
Clear Interrupt Mask Bit 


Software Interrupt 


Return from Interrupt 


Reset Stack Pointer 


OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
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Table 3. Opcode Map 
Read-Modify-Write Control 
a ese R IR INH INH 1x1 Ix INH 
[ome wi ek 7 5 6 i 8 9 
0010 0011 0101 0110 0111 1000 1001 
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BRSETE * BMC INC 
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: ae 
oe) oO 
2] 
im 
ir 


Abbreviations for Address Modes 


INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
1X1 
IX2 


Inherent 

Immediate 

Direct 

Extended 

Relative 

Bit Set/ Clear 

Bit Test and Branch 

Indexed (No Offset) 

Indexed, 1 Byte (8-Bit) Offset 
Indexed, 2 Byte (16-Bit) Offset 





DIR 


DIR 








x 0000 


>< 


O11) 


























INCA INCX 

1 INH | 1 INH_| 2 
TSTX 

1 INH | 2 





7 
CLRA ~ CLRX 
INH | 2 











INC INC 
xt] 4 IX 
6 
TST TST 
IxXt | 1 Ix 
2 6 
CLR CLR 
x1 | 4 IX 
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opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this 2-byte in- 
struction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 


the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this 3-byte 
instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 


_ bit in the first 256 locations of memory, including 1/O, can 


be selectively set or cleared with a single 2-byte instruc- 
tion. 


CAUTION 


The corresponding DDRs for ports, A, B, and C are 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers is un- 
defined. Since BSET and BCLR are read-modify-write 
functions, these instructions cannot be used to set 
or clear a DDR bit (all ‘‘unaffected” bits would be 
set). It is recommended that all DDR bits in a port 
be written using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-byte in- 
struction allows the program to branch based on the con- 
dition of any readable bit in the first 256 locations of 
memory. The span of branching is from —125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


Symbol 
Supply Voltage Vcc | —0.3 to +7.0 


V 
Input Voltages V 
Except Timer in Self-Check Mode 
Self-Check Mode (TIMER Pin 
Only) 
T 


Operating Temperature Range 
0 to 70 


—40 to +85* 


“s5t0 +150 | “c 


CC 

in 

A TL to Ty 
Storage Temperature Range 
Junction Temperature Ty 
Plastic 
Cerdip 


150 
175 


*Available at additional cost 


THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance 
Cerdip 
Plastic 





POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 
Ty=Tat (Pp 8a) (1) 
where: 
Ta  =Ambient Temperature, °C 
0jA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
Po = Pintt+ Pio 
PINT =!cc<Vec, Watts - Chip Internal Power 
PiiQ == Power Dissipation on Input and Output 
Pins — User Determined 


—0.3 to +7.0 
—0.3 to + 15.0 





These devices contain circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, normal 
precautions should be taken to avoid appli- 
cation of any voltage higher than the maxi- 
mum rated voltages to this high-impedance 
circuit. For proper operation, Vjn and Vout 
should be constrained to the range Vss < 
(Vin and Vout) = Vec. Reliability of operation 
is enhanced if unused inputs except EXTAL 
are tied to an appropriate logic voltage level 
(e.g., either Vss or Vcc). 







For most applications Pj;Q<Pijy7 and can be neglected. 
The following is an approximate relationship between 
Pp and Ty (if Pyjo is neglected): 


Pp=K=(Ty+273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp * (Ta + 273°C) + By, * Pp? (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ta. Using this value of K, 
the values of Pp and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty. 
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ELECTRICAL CHARACTERISTICS 


(Vcc= +5.25 +5 Vdc, Vgs=0 Vdc, Ta =0°C, unless otherwise noted) 


Characteristic 


Input High Voltage 
RESET (4.75 <V cc < 5.75) 
(Vee < 4.75) 
INT (4.75 = Vcc = 5.75) 
(Vcc < 4.75) 
All Other 


Input High Voltage Timer 
Timer Mode 
Self-Check Mode 


Input Low Voltage 
INT 
All Other 


RESET Hysteresis Voltage 
“Out of Reset’”’ 
“Into Reset’ 


INT Zero Crossing Input Voitage, Through a Capacitor 


Internal Power Dissipation - No Port Loading Vcc =5.75 V, 
Ta=0°C 


Input Capacitance 
XTAL 
All Other 


Low Voltage Recover 





0°C to 70°C 
- 40°C to + 85°C 


Input Current (External Capacitor Charging Current) 
TIMER (Vin = 0.4 V) 
INT (Vin =2.4 V to Vcc 
EXTAL (Vjn=2.4 V to Vcc, Crystal Option) 
(Vin =0.4 V, Crystal Option) 
RESET (Vjpn =0.8 V) 


Low Voltage Inhibit 


*Due to internal biasing, this input (when unused) floats to approximately 2.0 Vdc. 








Vcc =5.75V 





Test MMD6150 

pees aoa VOR Test Point a 
40 pF 1.25kQ 9 symp7000 30 pF (Total) 
(Total) ¢ or Equiv. ‘i 


Figure 11. TTL Equivalent Test Load 
(Port B) 


Figure 12. CMOS Equivalent Test Load 
(Port A) 
















Vcc=575V 
Test MMD6150 


; 
Poin or Equiv. 297 ka 


MMD7000 
or Equiv. 


30 pF 
(Total) 


Figure 13. TTL Equivalent Test Load 
(Ports A and C) 


MOTOROLA MICROPROCESSOR DATA 


3-428 


MC6805P6 


PORT DC ELECTRICAL CHARACTERISTICS 
(Vcc =5.25 +0.5 Vdc, Vgg=0 Vdc, Ta=0° to 70°C, unless otherwise noted) 


symbol | Min | Typ | Max | Unit 


Port A with CMOS Drive Enabled 






Characteristic 











Output Low Voltage, IL ogq=1.6 mA 
Output High Voltage, l1 gag = — 100 pA 


Output High Voltage, lt oaq= —10 pA Vcec-1 eee 
Input High Voltage, IL oaq = — 300 pA (max.) | vw {| 20 | — | 
Input Low Voltage, !| gag = — 500 pA (max.) VIL Vss eee tl 


Hi-Z State Input Current (Vjn = 2.0 V to Vcc) lH — 
Hi-Z State Input Current (Vip =0.4 V) | 
Port B 


7 


Output Low Voltage, ILoaqg=3.2 mA 


O 
= 


Output Low Voltage, IL oqq=10 mA (sink) 


e) 
= 


Output High Voltage, lLoad= — 200 pA 


—_ 
—_ 


Darlington Current Drive (Source), Vo=1.5 V OH 
V 


V 


Input High Voltage C 


aL 


<—( — 
= O 

za 
Nee 
e465) > 


- 
= a 
as O lo 
= 
: 


< 
ie) 
” 


Input Low Voltage 


L 
ITSI = 

Port C and Port A with CMOS Drive Disabled 
O 
VOH 


Hi-Z State Input Current 





< 


~ 


Output Low Voltage, I oqgq=1.6 mA 





Output High Voltage, lLgaq= — 100 pA 





Input High Voltage CC 





< 


=< 
x= 
No RO 
—” © ££ 
< 
fan) 


= 


Input Low Voltage L 


TSI 


S 


— 





Hi-Z State Input Current 


SWITCHING CHARACTERISTICS 
(Vcc = +5.25 +0.5 Vdc, Vgg =0 Vdc, Ta =0° to 70°C, unless other noted) 





ee 
Characteristic Symbol | Min | Typ | | Unit 
Oscillator Frequency MC6805P6 fosc 0.4 MHz 
MC68A05P6 0.4 
MC68BO5P6 0.4 
Cycle Time (4/fgsc) teyc S 
INT and TIMER Pulse Width (See INTERRUPTS) twL tWH | teye +250 ns 











RESET Delay Time (External Capacitance = 1.0 pF) tRHL Lee | 100 
a 





RESET Pulse Width 





3 


kHz 


_— 
oO 


: —- | OOF 
CO;l1oOaond 


° 
o 





MOTOROLA MICROPROCESSOR DATA 
3-429 





MC6805P6 


: 5V | VLVR “Dip 
cS In Power VLVR 
RESET 
Pin 
tRHL 
Internal 
Reset 


Figure 14. Power and Reset Timing 


Vcc a Vcc 






1- 10k Typ. 





Port A CMOS 
Pullup Option 





VCC o 






Port DDR 
Port Data 





- Port DDR 
“Port Data 


IP = Input Protection 


IP = Input Protection 


| Figure 16. Port B Logic Diagram 
Figure 15. Ports A and C Logic Diagram 


| 
To I/O Logic Test Point <——_——— 


: Vary V, 
Measure | 
(+) 





Figure 17. Typical Input Protection Figure 18. I/O Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS, disk file 
MS-DOS/PC-DOS disk file 
EPROM(s) 2516, 2716, or 68705P3 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS™ or MS®-DOS/ 
PC-DOS disk file), programmed with the customer pro- 
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis- 
kette should be clearly labeled with the customers name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-sided, single density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in- 
cluding those in the user space, must be set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola’s S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


EPROMs 


A 2516, 2716, or 68705P3 type EPROM, programmed 
with the customer’s program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. The EPROM must be clearly marked to indicated 
which EPROM corresponds to which address space. 

All unused bytes, including the user’s space, must be 
set to zero. For shipment to Motorola, EPROMs should 
be placed in a conductive IC carrier and packed securely. 
Styrofoam is not acceptable for shipment. 


EPROM MARKING 


XXX 


080 


XXX = Customer ID 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are 
filled for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 
Ten MCUs containing the customer’s ROM pattern will 


~ be sent for program verification. These units will have 


been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity but are not production parts. 
These RVUs are not guaranteed by Motorola Quality As- 
surance. 


IBM is a registered trademark of International Business Machines Corporation. 
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The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC6805P6. 


Table 4. Generic Information 


Internal Clock 
Package Type Frequency (MHz) Temperature 








Order Number 
































Plastic (P Suffix) 1.0 0° to 70°C MC6805P6P 
—40° to + 85°C MC6805P6CP 

0° to 70°C MC68A05P6P 

we 0° to 70°C MC68BO05P6P 

Cerdip (S Suffix) 0° to 70°C MC6805P6S 
0° to 70°C MC68A05P6S 

0° to 70°C MC68B05P6S 

PLCC (FN Suffix) 0° to 70°C MC6805P6FN 






—40° to + 85°C MC6805P6CFN 


MECHANICAL DATA 


PIN ASSIGNMENTS 





28-PIN DUAL-IN-LINE PACKAGE — 28-LEAD PLCC PACKAGE 






Vss] 1 © 28 [] RESET 
1 PA7 
} PAG 
1) PAS 


} PA4 XTAL 
PAS NUM 


Lj PA2 TIMER 
PAI pco 


PAO | | PCI 
PB7 Pc? 
PBB Pc3 
1 PBS 
1 PB4 
1 PB3 


PAS 
PA4 
PA3 
PA2 
PAT 
PAO 
PB7 
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TECHNICAL DATA 


Technical Summary 


8-Bit Microcontroller Unit 


The MC6805R2 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of micro- 
controllers. This low cost and high-speed MCU has parallel I/O capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor- 
mation, refer to M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact 


your local Motorola sales office. 


Refer to the block diagram for the hardware features and to the list below for additional features 


available on the MCU. 
e@ Internal 8-Bit Timer with 7-Bit Prescaler 
On-chip Oscillator 
Memory Mapped |/O 
Versatile Interrupt Handling 
True Bit Manipulation 
Bit Test and Branch Instruction 


Vectored Interrupts 
Self-Check Mode 

2048 Bytes of ROM 

64 Bytes of RAM 

24 Bidirectional I/O Ports 
A/D Converter 


BLOCK DIAGRAM 

























Self-Check ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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pone XTAL EXTAL RESET NUM INT 
TIMER Prescaler ee 
Counter 
7 8 
PAO A/D 
co 
a PA2 Port Data 8 | A CPU >> 
1/0 Sa A Dir Index Control 
Lines Reg’ p. Beg Register PDO/ANO 
PA5 8 x a PD1/AN1 
ites Condition a8 PD2/AN2 oe 
PD3/AN3 
a +4 PD4/Vp, |nput 
5 egister Cc r TT { se ati 
Stack i ea 2 Bw PD6/TRATD 
aie an eee oe 
PBO 15 eee yay Ahh 
Port ee Program 
B ae Port Data Counter Port D 
/O pg B Dir 4 High PCH Input 
L 4 Reg Reg 
ineS_ PRBS Program 
PB6 Counter 
PB7 Low PCL PCO 
PCl 
Data Port a — 
2048 x 8 64x 8 Be a Pca 1/0 
User ROM RAM PC5 Lines 
192 x 8 ire 





MC6805R2 


SIGNAL DESCRIPTION 
Vcc AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vcc is +5.25 volts (+0.5A) power, and Vssg is 
ground. 


NUM 


This pin is not for user applications and must be con- 
nected to Vss. | 


INT 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 
These pins provide control input for the on-chip clock 


oscillator circuit. A crystal, a resistor/capacitor combi- 


nation, or an external signal (depending upon selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 


Cy 


EXTAL XTAL 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max 

Freq. =4.0 MHz @ C = 24 pF 

Rs =50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Co, C1, and Rs values. 





XTAL 
MCU 





6] XTAL 
~ ie 7 : 
External 5] EXTAL 5} EXTAL 
Clock 
Input 


~ External Clock 






cu 


Approximately 25% to 50% Accuracy 
External Jumper 


ioe) 
(=) 


70 
60 
5.0 
40 
30 


20 


OSCILLATOR FREQUENCY (MHz) 





0 10 20 30 40 50 60 70 80 
Resistance (kQ) : 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


Crystal 

The circuit shown in Figure 1 is recommended when 
using acrystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. . 


= 

(See Note) C2 
CL 
— 





Crystal 





R 
(See Figure 7-5) 5] eytay 


No 
Connection ! 





Approximately 10% to 26% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


NOTE: The recommended C, value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 
pF on EXTAL and approximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal 


used. 


Figure 1. Oscillator Connections 
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External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. The 
toxoOV Or tILCH specifications do not apply when using 
an external clock input. 


TIMER 


This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voitage ievei used to initiate the self-test program. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PCO-PC7,PDO0- 
PD7) 


These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di- 
rection registers. Port D is a fixed input port and not 
controlled by any data direction register. Port D has up 
to four analog inputs, plus two voltage reference inputs 
when the A/D converter is used (PD5/VRH, PD4/VR_) and 
an INT2 input. All Port D lines can be read directly and 
used as binary inputs. If any analog input is used, then 
PD5/VRH and PD4/VpR, must be used in the analog mode. 
Refer to PROGRAMMING and ANALOG-TO-DIGITAL 
CONVERTER for additional information. 





PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Port A, B, and C pins are programmable as either input 
or output under software control of the corresponding 
data direction register (DDR). Port D lines are input only. 
The port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 


Data Direction 
Register* Bit 


Latched 

Output 

internal Data Bit 
Connections 


and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and also to the latched output when 
the DDR is an output (one). Refer to Table 1 for I/O func- 
tions and to Figure 3 for typical port circuitry. 

Port D provides reference voltage (INT2) and multi- 
plexed analog inputs. Port D can always be used as digital 
input and may be used for analog if VRH and VR are 
connected to the appropriate reference voltage. The VRH 
(PD5) and Vpri (PD4) are internally connected to the A/D 
resistor. 





Table 1. I/O Pin Functions 


Data Latched 
Direction Output 


Register Data 
Bit Bit 





**Ports B and C are three-state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and 1/O registers. The memory map is shown in Figure 
4. The locations consist of user ROM, self-check ROM, 
user RAM, A/D registers, a miscellaneous control register, 





Figure 3. Typical Port I/O Circuitry and 
Register Configuration 
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7 
000 
1/0 Ports 
Timer 
Page Zero , RAM 
Access with 127 (128 Bytes) 
Short 128 
Instructions Page Zero | 
User ROM 
(128 Bytes) 
255 
256 
Not Used 
(1728 Bytes) 
1983 
1984 
Main User 
ROM 
(1912 Bytes) 
3895 
3896 
Self Check 
ROM 
(192 Bytes) 
4087 
4088 
4089 Timer Interrupt 
4090 
Interrupt 4091 
Vectors 4092 
4093 
4094 
4095 


* Caution: Data direction registers (DDRs) are write-only; they read as $FF. 





76543210 


oa 
0 
00 
oon 
so 
005" 
0 
007 
ot 
00 
S08 


$OOB 

Not Used 

{3 Bytes) 
$00D 
A/D Control Register SOOE 
A/D Result Register SOOF 
Not Used $010 
(48 Bytes) ‘| SO3F 
RAM $040 


(64 Bytes) 


Stack 
(31 Bytes 
Maximum) 


—- = oe 
> W =- OO 0808 Dn DO TO F&F W HH = O 


ES aa 


$O7F 


Figure 4. Memory Map 


and I/O. The interrupt and reset vectors are located from 
$FF8 to. SFFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. | 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 0 
INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 


may. be added to an 8- or 16-bit immediate value to create 


an effective address. The index register may also be used 
as a temporary storage area. 
7 0 


PROGRAM COUNTER (PC) 


The program counter is an 12-bit register that contains 
the address of the next byte to be fetched. 


11 8 7 0 
PCH PCL 


STACK POINTER (SP) 


The stack pointer is an 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may. be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


11 0 


5 4 
pofofofojofrfr] se | 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
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program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. 

4 


0 
at iis| zc | 
Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (1) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 


Zero (Z) 
When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


SELF-CHECK 


The self-check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 
C (bit 3) for an oscillation of approximately 7 Hz. The 
following test are executed automatically: 

I/O — Functionally exercise I/O ports. 

RAM — Walking bit test. 

ROM — Exclusive OR with ODD “1st” parity result. 

Timer — functionally exercise timer. 

Interrupts — Functionally exercise external and timer 

interrupts. 

A/D Converter — Functionally test the Analog-to-Digital 

Converter. 
The RAM, ROM, and the A/D test can be called by a user 
program. The timer test may be called if the timer input 
is the internal clock. Table 2 shows the status of the LEDs 
as a result of a failure. Port C is tested only once (just 
after reset). If port C fails, no lights will appear. 


Table 2. Self-Check Error Patterns 


Bad 1/O 
Bad Timer 
Bad RAM 


Bad ROM 

Bad A/D 

Bad Interrupts or Request Flag 
Good Device 








*This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 
**Pin 7 is not for user application and must be connected to Vss. 


Figure 5. Self-Check Connections 
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RESETS 


The MCU can be reset three ways: (1) by initial power- 
up, (2) by the external reset input (RESET), and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 











POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of try, milliseconds is required before 
allowing the RESET input to go high. Connecting a ca- 
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 








EXTERNAL RESET INPUT 
The MCU is reset when a logic zero is applied to the 


RESET input for a period longer than one machine cycle. 


(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES — to provide an internal reset voltage. 


LOW-VOLTAGE INHIBIT (LVI) _ 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
certain level (V_yj|). The only requirement is that the Vcc 
must remain at or below the Viv; threshold for one tcye 
minimum. 







1.0 pF 
Typical 
POR — 


Delay 
Capacitor 


* Disable LVI 







Current 
Limiting 


Charging 
Current 
Source 







In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc- The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLvp) at 
which time a normal power-on reset occurs. 





INTERRUPTS 


The MCU can be interrupted fc four diferent ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI) or (4) the external port D bit 6 
(INT2) input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack, and then 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hard’ interrupts do not cause the 
Current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. | 





NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 









Strong OV 
Discharge -o 
Device 
Low Voltage (Optional) 
Detector 


O—-1-—LVI 
1-*0—-LVR 








_ Internal 


) > 





Schmitt 
Trigger 


Figure 6. RESET Configuration 





7 6 5 3 2 1 0 Pull 
n-3 Accumulator n+2 
n-2 Index Register n+3 





Push 


PCL* 


a 
5 ease 







n+5 





* For subroutine calls, only PCH and PCL are stacked. 


Figure 7. Interrupt Stacking Order: 
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When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(| bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


If the timer mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 










1—*1 (in CC) 
07F — SP 
O-—> DDRs 

CLR INT Logic 
FF -+ Timer 

7F —* Prescaler 

7F-->TCR 
7F—>MR 


Put FFE on 
Address Bus 


RESET 
Pin= Low 







(TIMER INT) 
TCR7 * TCR6 
MR7 + MR6 
(INT2) 






is Fetched 
Instruction 


nq _ RESET 
Pin= High on SWI? 


_ Load PC 
From 
FFE/FFF 







Fetch 
Instruction 


Execute 
Instruction 


then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
and interrupt when the condition code | bit is clear. The 
following paragraphs describe two typical external in- 
terrupt circuits. 





Zero-Crossing Interrupt 


A sinusoidal input signal (fj maximum) can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 





iNT 
Request 
Latch 

















Load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 
Timer or 
INT2: FF8/FF9 





PC=-PC+1 


Figure 8. Reset and Interrupt Processing Flowchart 
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such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 


Digital-Signal Interrupt 


With this type of circuit (Figure 9b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw, twH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit prescaler. The timer source is 
made during manufacturing as a mask option. The 8-bit 
counter may be loaded under program control and is 
decremented toward zero. When the timer reaches zero, 
the timer interrupt request bit (bit 7) in the timer control 
register (TCR) is set. Refer to Figure 10 for timer block 
diagram. 


(a) Zero-Crossing Interrupt 


ac 


(Current 
Input Limiting) 
(fingtT Max.) 9 3] iNT MCU 
Rs1 MQ 
ac Input 


pF 


VU 


The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in.the TCR. When the 
| bit in the condition code register is cleared, the proces- 
sor receives the interrupt. The MCU responds to this in- 
terrupt by 1) saving the present CPU state on the stack, 
2) fetching the timer interrupt vector, and 3) executing 
the interrupt routine. The timer interrupt request bit must 
be cleared by software. The TIMER and: INT2 share the 
same interrupt vector, therefore the interrupt routine must 
check the request bits to determine the source of the 
interrupt. Refer to RESETS and INTERRUPTS for addi- 
tional information. : 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operation with near -modify- 
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. Three machine cycles are 
required for a change in state of the TIMER pin to dec- 
rement the timer prescaler. 

Clock input to the timer can be from an external source 
or from the internal phase two signal. Clock source is one 
of the mask options. A prescaler mask option is available 
to select a divide option of a power of two up to 128. 


(b) Digital-Signal Interrupt 


VEC 





PTs 
Level 
Digital 
Input 


Figure 9. Typical Interrupt Circuits 
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Figure 10: Timer Block Diagram 
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TIMER CONTROL REGISTER (TCR) ($009) 


This 8-bit register controls various functions such as 
write timer interrupt request, timer interrupt inhibit, and 
prescaler clear. Bit 3 is write only. 


7 6 ) 4 3 2 1 0 
ptm fm | 1 fot fesef os fon | 
RESET: 

0 1 U U U U U U 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one. 
1 =Set when the timer data register changes to all 
zeros. 
0=Cleared by external reset, power-on reset, or 
under program control. 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt. 
1=Interrupt inhibited. 
0=Interrupt enabled. 
PSC — Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in- 
dicates a zero. 
Bits 5, 4, 2, 1,0 — Not Used. 


ANALOG-TO-DIGITAL CONVERTER 


The chip resident 8-bit analog-to-digital (A/D) converter 
uses a successive approximation technique as shown in 
Figure 11. Four external analog inputs can be connected 
to the A/D through a multiplexer via Port D. Four internal 
analog channels (VRH-VRL, VRH-VRL/2, VRH-VRL/4, and 
VRL) may be selected for calibration. The accuracy of 
these internal channels may not meet the accuracy spec- 
ifications of the external channels. 

Multiplexer selection is controlled by the A/D control 
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul- 
tiplexer selection. The ACR is shown in Figure 11. The 








15 kQ (Typ) 


VRH 
YRL 


PDO/ANO 


PD1/AN1 
PD2/AN2 


PD3/AN3 






1-of-8 
Select 
Multiplexer 


A/D 


Control 
Register 





8 
Control 7 Ceiint 
Logic 


converter uses 30 machine cycles to complete a conver- 
sion of a sampled analog input. When the conversion is 
complete, the digital value is placed in the A/D result 
register (ARR), the conversion flag set, selected input is 
sampled again, and a new conversion starts. When ACR7 
is cleared, the conversion in progress is aborted and the 
selected input is sampled for five machine cycles and 
held internally. 


Table 3. A/D Input MUX Selection 


A/D Control Register Input 


ACR2 | ACR1 | ACRO | Selected 


A/D Output (Hex) 


0 0 
0 1 
1 0 
1 1 
0 0 
0 1 
1 0 
dl 1 


*Internal (Calibration) Levels 


The converter uses VRH and VR, as reference voltages. 
An input voltage equal to or greater than VRH converts 
to $FF. An input voltage equal to or less than Vp, but 
greater than Vss, converts to $00. Maximum and mini- 
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and be 
referenced to Vpi for the ratiometric conversion. To 
maintain full accuracy of the A/D, three requirements 
should be followed: (1) VRH should be equal to or less 
than Vpp, (2) VRL should be equal to or greater than Vss 
but less than maximum specifications, and (3) VRH-VRL 
should be equal to or greater than 4 volts. 

The A/D has a built-in 1/2 LSB offset intended to reduce 
the magnitude of the quantizing error to + 1/2 LSB, rather 
than +0, —1 LSB with no offset. This implies that, ig- 
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above Vp. Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VR, ideally. 










Result 
Register 


Figure 11. A/D Block Diagram 
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INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 


ae ae os 
Ton | 























BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
_ code register. Refer to the following list for bit manipu- 
lation instructions. 


Branch if Bit n is Set BRSET n (n=0...7) 









BSET nn=0...7 
BCLR n (n=0...7) 


| Branch if Interrupt Mask Bit is Clear 
S 
Branch if Bit n is Clear BRCLR n (n=0... 7) 


READ-MODIFY-WRITE INSTRUCTIONS 


_ These instructions. read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


| Funetion 
Negate (2's Complement) 
























nemoni | 
ron | 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 


Branch Always 


Branch Never 
(Branch if Higher or Same) 


nae 
Branch if Minus : BMI 




















IL 
Branch if Interrupt Line is High _ 


B 
Branch if Interrupt Mask Bit is Set 
Branch to Subroutine 


M 

M 
B 

S 
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CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 














Transfer A to X 
Transfer X to A 

Set Carry Bit 

Clear Carry Bit 

Set Interrupt Mask Bit 
Clear Interrupt Mask Bit 
Software Interrupt 
Return from Subroutine 
Return from Interrupt 


Reset Stack Pointer 


nemoni | 





No Operation 


OPCODE MAP SUMMARY 


Table 4 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov- 
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single-byte instruc- 
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. Two-byte direct-ad- 
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
oocode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write-only registers (registers at $004, $005, and 
$006). A read operation on these registers is un- 
defined. Since BSET and BCLR are read-modify-write 
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Abbreviations for Address Modes 
INH Inherent 
IMM immediate 
DIR Direct 
- EXT Extended 
REL Relative 
BSC Bit Set/Clear 
BTB Bit Test and Branch 
IX Indexed (No Offset) 
IX1 Indexed, 1 Byte (8-Bit) Offset 
AX2 


Indexed, 2 Byte (16-Bit) Offset 





Pl 
Zz iz 
x xr 





Table 4. Opcode Map 


Read-Modify-Write 
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functions, these instructions cannot be used to set 
or clear a DDR bit (all “unaffected”’ bits would be 
set). It is recommended that all DDR bits in a port 
be written using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 


instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from —125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the controi instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 







Supply Voltage 


Input Voltage 
Self-Check Mode 
(TIMER Pin Only) 


Operating Temperature Range 
MC6805R2 
MC6805R2C 
MC6805R2V 


Storage Temperature Range 


Junction Temperature 
Plastic 
PLCC 

Cerdip 





















50 









THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance 


Plastic (P Suffix) 
PLCC (FN Suffix) 


Rating | Symbot] Value 
—0.3 to +7.0 


| Unit_| 
Veo Ls 
ape 
Eos 


0to +70 
— 40 to 85 
—40 to 105 


—55 to +150 








This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 
circuit. For proper operation it is recom- 
mended the Vin and Voyt be constrained to 
the range Vssg<(Vjn and Vout)<=Vcc. Relia- 
bility of operation is enhanced if unused in- 
puts, except EXTAL, are tied to an appropriate 
logic voltage level (e.g., either Vsg or Vcc). 











Cerdip (S Suffix) 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat (Pp: 85a) (1) 
where: 
TA = Ambient Temperature, °C 
OFA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pint+Pport 
PINT = Icc x Vcc, Watts — Chip Internal Power 


PporT = Port Power Dissipation, 
Watts — User Determined 


For most applications PporT<Piny and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 


Pp =K-= (Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp * (Ta + 273°C) + 8y APD (3) 


where K is a constant pertaining to the particular part. 
K can be determined from equation (3) by measuring P/p 
(at equilibrium) for a known Ta. Using this value of K, 
the values of Pp and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Typ. 
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ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vdc +0.5 Vde, Vgs =0 Vdc, Ta=TL to Ty, unless otherwise noted) 


. | Characteristic 


Input High Voltage 

RESET (4.75<Vcc<5.75) 

Vee (4.75) | 

INT (4.75<Vcc<5.75) 
(Vcc(4.75) 

All Other 


Input High Voltage Timer 
Timer Mode 
Self-Check Mode 

Input Low Voltage 
RESET 

INT 

All Other (Except A/D Inputs) 


RESET Hysteresis Voltages 
“Out of Reset’ 
“Into Reset” 


































Power Dissipation — (No Port Loading, Vcc =5.75 V 
Ta =0°C 





for Steady-State Operation) 


Input Capacitance 
XTAL 
All Other Except Analog Inputs (See Note) 



















Low Voltage Recover 


Low Voltage Inhibit 


Input Current - 
TIMER (Vjn = 0.4) 
INT (Vin =2.4 V to Vcc) 
EXTAL (Vin = 2.4 V to Vcc Crystal Option) 
(Vin =0.4 V Crystal Option) 
RESET (Vin =0.8 V) 
(External Capacitor Charging Current) 


NOTE: Port D Analog Inputs, when selected Cj, =25 pF for the first 5 out of 30 cycles. 
*Due to internal biasing this input (when unused) floats to approximately 2.0 V. 


SWITCHING CHARACTERISTICS (Vcc = +5.25 Vde+0.5 Vdc, Vgg =0 Vde, TA=TL to TH) 


Symbol 














Oscillator Frequency | toss | 04 | — | 
Cycle Time (4/fose) | toys | 095 | | 
INT, INT2, and TIMER Pulse Width twutwH | teyc+250 | — | 









RESET Pulse Width 
INT Zero-Crossing Detection Input Frequency fINT 1 kHz 
External Clock Input Duty Cycle (EXTAL pao | sow] 


Crystal Oscillator Start-Up Time _ Lee es ee oa is 
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A/D CONVERTER CHARACTERISTICS (Vcc = + 5.25 Vdc +0.5 Vdc, Vgg=0 Vdc, Ta=TL to Ty), unless otherwise noted) 


Resolution 


Total Error 


Absolute Accuracy 


Quantizing Error 


D 
[- 


Conversion Range 


VRH 


Min | 
a 


ie) 


< 
a 
i 


fo) 


Conversion Time 
Monotonicity 


Sample Time 


Sample/Hold Capacitance, Input 
Analog Input Voltage 


*Note: Accuracy may decrease at temperatures above Ta = 85°C or fosgc¢<3.57 MHz. 





Difference between ideal and actual trans- 
fer characteristics (includes non-linearity, 
zero offset and full scale errors) 


Difference between the actual input voltage 
and the full-scale weighted equivalent of 
the binary output code. All error sources 
included 


Uncertainty due to converter resolution (in- 
herent) 


ee 


A/D accuracy may decrease proportionately 
as VRH is reduced below 4.75 V. The sum 
of VRH and Vpi must not exceed Vcc 


Includes sample time 
Inherent with total error 
Negative transients on any analog lines (Pins 


19-24) are not allowed at any time during 
conversion. 
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PORT ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta=TL to Ty, unless otherwise noted) 


Characteristic Symbol | Min | typ | Max | Unit 


Port A with CMOS Drive Enabled 
Output Low Voltage, I_Loag=1.6 mA VOL 











N 
i 


Output High Voltage, ILgad = — 100 pA VOH 
Output High Voltage, ILgaq= —10 pA ~VOH Vcc -— 1.0 
Vcc 


N 
oO 


Input High Voltage, ILgaq = — 300 pA (max.) VIH 

Input Low Voltage, lLoad= ~500 pA (max.) 

Hi-Z State Input Current (Vjpn =2.0 V to Vcc) H 

Hi-Z State Input Current (Vjn=0.4V) NE 
~ Port B 


~ 300 
— 500 






=< 
= 
< 
(op) 
(ep) 


vy 


Output Low Voltage, lLgaq=3.2 mA 


<= 

© 

rm im 
< trp! in 
wo |ja]! 
‘ghee 


< 


Output Low Voltage, IL aq = 10 mA (Sink) O 


Output High Voltage, !_oaq= — 200 pA VOH 


-—|o 
oln . 
<1 


] 
° 
=| 
> 


Darlington Current Drive (Source), Vo=1.5 V IOH 


Input High Voltage Vi Vcc 
Input Low Voltage VIL 


Hi-Z State Input Current 


\ 
fe 
> 


: 
ws 





Port C and Port A with TTL Drive 
Output Low Voltage, I_gag=1.6 mA VOL 





Output High Voltage, l_oaq= — 100 pA 


< 
oO 
aks 


< 

=x 

N|N 
Hn iC ]F 


/\ 


te < 
S| 0 18 
eee 


Input High Voltage 






Input Low Voltage 
Hi-Z State Input Current 


Q ir 
< 
7) 


Port C (Open-Drain Option) 





Timpatvigh Vonage —SCSC=“‘*‘“~*~“—*‘“‘*‘~srtSCt SY 
ipitledanoeorengsteW ge 


Port D (Digital Inputs Only) 
VIH 
V 


Input High Voltage CC 


Input Low Voltage S 


<n 
ate 


A 


o1 


> 


Input Current L. 
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Vcc =5.75 V 








Test MMD6150 


Point or Equiv. 1.45 kd) 


40 pF 


(Total) MMD7000 


or Equiv. 


Figure 12. TTL Equivalent Test Load 
(Port B) 


Vcc = 5.75 V 








Test MMD6150 
point or Equiv. 





2.91 kQ) 


30 pF 
(Total) 


MMD7000 
or Equiv. 


Figure 14. TTL Equivalent Test Load 
(Ports A and C) 


Test Point — 
] 30 pF (Total) 


Figure 13. CMOS Equivalent Test Load 
(Port A) 


Vcc =5.75 V 
3.34 kQ) 


Test 
Point 


‘4 30 pF (Total) 


Figure 15. Open-Drain Equivalent Test Load 
(Port C) 
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Vec 
Port yee Port A CMOS 
ion 


fe Pullup Option 





ae 







| 







Port DDR 
Port Data 


IP = Input Protection 


Figure 16. Ports A and C Logic Diagram 


To 1/0 Logic 





Figure 18. Typical Input Protection 


_ Vcc 
) 





1—10k Typ. 
PB DDR 


PB Data 


IP = Input Protection 
Figure 17. Port B Logic Diagram 


Test Point Sg es 


a) 
Vary V, 
Measure | 
Cy 


Figure 19. I/O Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the tollowing media: 

MDOS®, disk file 

MS®-DOS/PC-DOS disk file 

EPROM(s) MC68705R3, 2532, 2732, or two 2516/2716 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, asales person, 
or Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS or MS-DOS/PC- 
DOS disk file), programmed with the customer program 
(positive logic sense for address and data), may be sub- 
mitted for pattern generation. In either case, the diskette 
should be clearly labeled with the customers name, date, 
project or product name, and the name of the file con- 
taining the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to speed up the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-side, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in- 
cluding those itn the user space, must be set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola’s S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


An MC68705R3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer program (po- 
sitive logic sense for address and data) may be submitted 
for pattern generation. Since all program and data space 
information will fit on one MC68705R3/2532/2732 or two 
2516/2716 type EPROM(s), the EPROM(s) must be pro- 
grammed as described in the following paragraph. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


For the 2532, 2732, or the MC68705R3, the ROM code 
should be located from $080 to $FF; and $700 to $F37 
and the interrupt vectors from $FF8 to $FFF. For the 2516's 
or 2716's, the ROM code should be located from $080 to 
$FF and $7CO to $7FF in the first EPROM and from $0 to 
$737 in the second EPROM. The interrupt vectors should 
be in the second EPROM from $7F8 to $7FF. 


EPROM MARKING 


N & 
OD 1D 
~ © 
N 
N 9 
BO 
S 





xxx = Customer ID 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
completed, signed, and returned to Motorola. The signed 
verification form constitutes the contractual agreement 
for creation of the customer mask. To aid in the verifi- 
cation process, Motorola will program (customer sup- 
plied) blank EPROM(s) or DOS disk from the data file used 
to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency the MCUs 
are unmarked, packaged in ceramic, and tested at room 
temperature and five volts. These RVUs are free with the 
minimum order quantity but are not production parts. 
These RVUs are not guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides generic information per- 
taining to the package type, temperature, and MC part 
numbers for the MC6805R2. 


Package Type 
Plastic O°C to 70°C ~—- | MC6805R2P 
(P Suffix) ~40°C to +85°C_| MC6805R2CP 
Cerdip 0°C to 70°C +~—_ | MC6805R2S 
—40°C to +85°C_| MC6805R2CS 











S Suffix 


PLCC 0°C to 70°C MC6805R2FN 
FN Suffix — 40°C to +85°C | MC6805R2CFN 





IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA 


PIN ASSIGNMENTS 


Dual-in-Line Package 


VssQ! @ 40 fT] PA7 


RESET Y] 2 39 []PA6 
INT Q 3 38 PAS 
Vec 44 37 11 PA4 
EXTALQ)5 PA3 
XTALO6 35 [J PA2 
(Vss) NUM 7 34] PAI 
TIMERQ 8 33 1 PAO 
pcos? 32 1] PB7 
PCiqj10 31 {J PB6 
PC2Q11 30 f] PBS 
PC3f}12 291] PB4 


pcaf}i3 28 1] PB3 
pcsfis 27h PB2 
pcef}is 261] PB1 
PC7H16 25 f1PB0 








PD7(}17 24 1] PDO/ ANO 
PD6/INT2 18 23} PD1/AN1 
PD5/VaHf 19 227] PD2/AN2 


PD4/Vp_ J 20 ft] PD3/AN3 


PLCC Package 









on) 
wn 
> 

© 









XTAL | 1 PA3 
(Vss) NUM ‘ } PA2 
TIMER { PA1 
PCO - ) PAO 
PC1 | PB7 
PC2 PB6 
PC3 ' PB5 
PC4 PB4 
PCS * PB3 
NC [ PB2 
PC6 (J17 PB1 
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~NRIN Sz Omaararmoo 
x AYN -— © 
SOE errYzzz2z20 
S€e>a74aei 
ow st ON -— © 
Q0O00 aanoaod 
aa a aaa 





MOTOROLA MICROPROCESSOR DATA 
3-452 


MOTOROLA 
= SEMICONDUCTOR LR 


TECHNICAL DATA MC6805R3 


Technical Summary 
8-Bit Microcontroller Unit 


The MC6805R3 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of micro- 
computers. This low cost and high-speed MCU has parallel I/O capability with. pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor- 
mation, refer to M6805 HMOS. M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the below list for additional features 
available on the MCU. 


e internal 8-Bit Timer with 7-Bit Prescaler 
@ On-chip Oscillator 

Memory Mapped |/O 

Versatile Interrupt Handling 

True Bit Manipulation 

Bit Test and Branch Instruction 


Vectored Interrupts 
Self-Check Mode 

3776 Bytes of ROM 

112 Bytes of RAM 

24 Bidirectional I/O Ports 
A/D Converter 


BLOCK DIAGRAM 


XTAL EXTAL RESET NUM INT 
Timer / 
TIMER Prescaler 
Counter 
7 8 


























Self-Check ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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a Program 
ie 2 Counter Port D 
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Lines PBs Program 
PB6 Counter 
PB7 8 Low PCL PCO 
PC 
Data Port ies i 
Dir C 
| User ROM RAM PC5 Lines 
192 x 8 a 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vcc is +5.25 volts (+0.5A) power, and Vss is 
ground. 


INT 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending upon selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc¢ is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 


C 


EXTAL Rs XTAL 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max 

Freq. = 4.0 MHz @ C, = 24 pF 

Rs =50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
‘used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Co, Cy, and Rs values. 






6 


pinta 5] EXTAL 
loc 
Input Ne 

Connection 





External Clock 


XTAL 
MCU 
EXTAL 


Approximately 25% to 50% Accuracy 
Typical toyc = 1.25 ws 
External Jumper 


8.0 
7.0 
6.0 
5.0 
4.0 
3.0 f 


20 


Oscillator Frequency (MHz) 


oO 


10 20 30 40 50 60 70 80 
Resistance (kQ)) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. 


External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 


XTAL 
(See Note) C2 MCU 
. S| EXTAL ; 
Cy 
oe 


Crystal 










XTAL 
MCU 


R 
(See Figure 7-5) 





Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


NOTE: The recommended C, value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 
pF on EXTAL and approximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal 


used. 


Figure 1. Oscillator Connections 
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Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. The 
tOXOV Or tILCH specifications do not apply when using 
an external clock input. 


TIMER 


This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the self-test program. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PA0-PA7, PB0O-PB7, PCO-PC3) 


These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di- 
rection registers. Port D is a fixed input port and not 
controlled by any data register. Port D has up to four 
analog inputs, plus two voltage references inputs when 
the A/D converter is used (PD5/VRy, PD4/Vp_), and an 
INT2 input. All Port D lines can be read directly and used 
as binary input. If any analog input is used, then Vay and 
VRL must be used in the analog mode. Refer to PRO- 
GRAMMING and ANALOG-TO-DIGITAL CONVERTER for 
additional information. 





PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). Port D lines are input only. The 
port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 


bits. 
Data Direction 
Register®* Bit 


Latched — 
Output 
Data Bit 






. Internal 
Connections 


When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). Refer to Table 1 for 
/O functions and to Figure 3 for typical port circuitry. 

Port D provides reference voltage (INT2) and multi- 
plexed analog inputs. Port D can always be used as digital 
input and may be used for analog if VRH and VR are 
connected to the appropriate reference voltage. The VRH 
(PD5) and Vp, (PD4) are internally connected to the A/D 
resistor. 


Table 1. I/O Pin Functions 


Data Latched 
Direction Output 


Register Data 
Bit Bit 





**Ports B and C are three state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and |/O registers. The memory map is shown in Figure 
4. The locations consist of user ROM, self-check ROM, 
user RAM, A/D registers, a miscellaneous register, and 
/O. The interrupt and reset vectors are located from $FF8 
to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 









Figure 3. Typical Port I/O Circuitry and 
Register Configuration 
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7 0 
000 
I/O Ports 
Timer 
RAM 
127 (128 Bytes) 
128 


Main User 
~ ROM ; 
(3768 Bytes) 


Self Check 
ROM 
(192 Bytes) 


Timer Interrupt 


Interrupt 4091 
Vectors 4092 





7 65 43 2 1 «0 


[Ponta Daa Regier] $00 
01 
s02 
103 
sos 
soos 
06 
07 
soe 
08 


oo un Oo nO & W NY 


Miscellaneous Register | SOO0A 


$00B 


—_ 
—_ 
- Oo 


Not Used 
(3 Bytes) 
A/D Control Register $O0E 


A/D Result Register SOOF 


$00D 


$010 
RAM | 
(112 Bytes) 
Stack 
(31 Bytes Maximum) 
| $O7F 


* Caution: Data direction registers (DDRs) are write-only; they read as $FF. 


Figure 4. Memory Map 


decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


| NOTE 
Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 


overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 | | 0 
INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
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an effective address. The index register may also be used 
as a temporary storage area. 
. 7 0 


a cae 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 
11 8 7 0 


PCH PCL 


STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


11 4 0 


5 
fofofofofofrji] se | 


MC6805R3 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. 

4 0 


H | | ni zie 





Half Carry (H) 

This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 
Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic 1). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


SELF CHECK 


The self check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 
C (bit 3) for an oscillation of approximately 7 Hz. The 
following test are executed automatically: 

1/(O — Functionally exercise I/O ports, 

RAM — Walking bit test, 

ROM — Exclusive OR with ODD “1st” parity result, 

Timer — Functionally exercise timer, 

Interrupts — Functionally exercise external and timer 

interrupts, and 

A/D Converter — Functionally test the Analog-to-Digital 

Converter. 
The RAM, ROM, and the A/D test can be called by a user 
program. The Timer test may be called if the timer input 
is the internal clock. Table 2 shows the status of the LEDs 
as a result of a failure. Port C is tested only once (just 
after reset). If port C fails, no lights will appear. 





*This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 


Figure 5. Self-Check Connections 
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Table 2. Self-Check Error Patterns 
LED Meanings 


PC3 | Remarks (1: LED ON; 0: LED OFF) 
1 


Bad I/O 
Bad Timer 
Bad RAM 
Bad ROM 
Bad A/D 
Bad Interrupts or Request Flag 
Good Device 
















0 
All Flashing 


Anything else Bad Part, Bad Port C, etc. 


RESETS 


The MCU can be reset three ways: (1) by initial power- 
up (2) by the external reset input (RESET) and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
line logic level. 





POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRH, milliseconds is required before 
allowing the RESET input to go high. Connecting a ca- 
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 








EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the | 





RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at VIRES — to provide an internal reset voltage. 


LOW-VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 








1.0 pF 
Typical 


es 





Current 
Limiting 


certain level (Vi yj). The only requirement is that the Vcc 
must remain at or below the VLy| threshold for one tgyc 
minimum. 

In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc- The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLvp) at 
which time a normal power-on reset occurs. 





INTERRUPTS 


The MCU can be interrupted four different ways: (1) 
through the external interrupt IRO input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external port D bit 
6 (INT2) input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and then 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 








NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, tf unmasked 
(| bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 


Strong 
Discharge 
Device 











POR = 
Delay 
' Capacitor 
Charging Internal 
Current 
* Disable LVI mouice 


) > 





Schmitt 
Trigger 


Figure 6. RESET Configuration 
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6 5 4 








7 


Push 


2 1 0 
Condition Code Register 


Index Register 


rege 
Po ee 


PCL* 


3 Pull 





n+1 


n+2 





n+3 





n+4 





n+5 






*For subroutine calls, only PCH and PCL are stacked. 


Figure 7. Interrupt Stacking Order 


If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 

If the timer mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 


1-1 (in CC) 
07F —+ SP 


O— DORs 
CLR INT Logic 
FF ~— Timer 
7F —* Prescaler 
7F—TCR 
7F-—>MR 





MR7 * MR6 
(INT2) 


Put FFE on 
Address Bus 
Load PC From: 
Fetch SWI: FFC/FFD 
Instruction INT: FFA/FFB 
Timer or 
Y INT2: FF8/FF9 






RESET 
Pin= Low Is Fetched 


on SWI? 





nq RESET 
Pin= High 


Load PC 
From 
FFE/FFF 





(TIMER INT) 
TCR7 * TCR6 


Instruction 


Execute 
Instruction 


interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 


_timer interrupt service routine, the software normally ex- 


ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 







Request 

























PC—PC+1 


Figure 8. Reset and Interrupt Processing Flowchart 
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EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
and interrupt when the condition code | bit is clear. The 

‘following paragraphs describe two typical external in- 
terrupt circuits. 








Zero-Crossing intenupt 


A sinusoidal input signal (fj|NT sama can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, PIevige? a 2f clock. 


Digital-Signal Interrupt 


With this type of circuit (Figure 9b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 


(a) Zero-Crossing Interrupt 


signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw , tWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI! executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR). The 8-bit counter may be loaded 
under program control and is decremented toward zero. 
When the timer reaches zero, the timer interrupt request 
bit (bit 7) in the timer control register (TCR) is set. Refer 
to Figure 10 for timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared and TCR bit 
6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by 1) saving the present 


(b) Digital-Signal Interrupt 


Vee 





nail (Current TTL 
(fint Max.) ea) Level 
Rs1 MQ Digital 
ac Input Input 
210 Vacp-p ce 


Figure 9. Typical Interrupt Circuits 








Selected by Selected by TCRO, 
TCR4, TCR5 TCR1, TCR2 
External f 0 7 Counter 
Input 8 Bits 
00 O 0000000 0 
Interrupt 
Control 
Prescaler 
7 Bits 
Internal 
Clock 
Write Read Interrupt 
Cleared by 
TCR3 
ec rss SE SE ETC 
Software Functions . 
NOTES: 


1. The prescaler and 8-bit counter are clocked on the rising edge of the internal clock (phase two) or external input. 
2. The counter is written to during data strobe (DS) and counts down continuously. 


Figure 10. Timer Block Diagram 
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CPU state on the stack, 2) fetching the timer interrupt 
vector, and 3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operation with read-modify- 
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. TDR is unaffected by reset. 


SOFTWARE CONTROLLED MODE 


The timer prescaler input can be configured for three 
different operating modes plus a disable mode, depend- 
ing on the value written to TCR control bits 4 and 5 (TCR4 
and TCR5). The following paragraphs describe the dif- 
ferent modes. 


Timer input Mode 1 


When TCR4 and TCR5 are both programmed to zero, 
the timer input is from the internal clock (phase two) and 
the timer input pin is disabled. The internal clock mode 
can be used for periodic interrupt generation as well as 
a reference for frequency and event measurement. Dur- 
ing the WAIT instruction, the internal clock to the timer 
continues to run at its normal rate. 


Timer Input Mode 2 


When TCR4=1 and TCR5=0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is +1. 


Timer Input Mode 3 


When TCR4=0 and TCR5=1, no prescaler input fre- 
quency is applied to the prescaler and the timer is dis- 
abled. 


Timer Input Mode 4 


When TCR4 and TCR5 are both one, the timer input is 
from the external clock. The external clock can be used 
to count external events as well as to provide an external 
frequency for generating periodic interrupts. 


TIMER CONTROL REGISTER (TCR) $009 


This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
Bit 3 is a write only bit. 


7 6 5 4 3 2 0 
Tcré | TCRS | TCR4 | TCR3 | TCR2 | TCRI | TCRO 


RESET: 
0 1 U USO U U U 


TCR7 — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 
1= Set when the timer data register changes to all 
zeros 
0=Cleared by external reset, power-on reset, or 
under program control 
TCR6 — Timer Interrupt Mask 
Used to inhibit the timer interrupt 
1=Interrupt inhibited 
0= Interrupt enabled 
TCR5 — External or internal 
Selects input clock source 
1= External clock selected 
0=Internal clock selected (fo5c¢/4) 
TCR4 — TIMER External Enable 
Used to enable external TIMER pin 
1=Enables external timer pin 
0= Disables external timer pin 
TCR3 — Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in- 
dicates a zero. 
TCR2, TCR1, TCRO — Prescaler Select Bits 
Decoded to select one of eight outputs of the pres- 
caler 


Prescaler 


a i 





ANALOG-TO-DIGITAL CONVERTER 


The chip resident 8-bit analog-to-digital (A/D) converter 
uses a successive approximation technique as shown in 
Figure 11. Four external analog inputs can be connected 
to the A/D through a multiplexer via port D. Four internal 
analog channels (VRH—-VRL, VRH—-VRL/2, VRH — VRL/4, 
and VR.) may be selected for calibration. The accuracy 
of these internal channels may not meet the accuracy 
specifications of the external channels. 

Multiplexer selection is controlled by the A/D control 
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul- 
tiplexer selection. The ACR is shown in Figure 11. The 
converter uses 30 machine cycles to complete a conver- 
sion of a sampled analog input. When the conversion is 
complete, the digital value is placed in the A/D result 
register (ARR); the conversion is flag set; selected input 
is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input is sampled for five machine cycles 
and held internally. 
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Table 3. A/D Input. MUX Selection 


A/D Control Register | ADO 
ACR2 | ACR1 | ACRO 







-20200/8 





¥Internal (calibration) levels 


The converter uses VRH and Vp _as reference voltages. 
An input voltage equal to or greater than Vay converts 






D/A 


15 kQ. (Typ) 


VRH 
VAL 








PDO/ANO — 





1-of-8 


PD1/AN1 Salant Ee 
PD2/AN2 Multiplexer 
PD3/AN3 


a aa 
A/D ~ NT -To 
ae BY Vea 
Register Lt tj <i < 








ee 


- Logic 


to $FF. An input voltage equal to or less than VRi, but 
greater than Vss, converts to $00. Maximum and mini- 
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and be 
referenced to Vp, for the ratiometric. conversion. To 
maintain full accuracy of the A/D, three requirements 
should be followed: (1) VRH should be equal to or less 
than Vpp, (2) VRL should be equal to or greater than Vss 
but less than maximum specifications, and (3) VRH-VRL 
should be equal to or greater than 4 volts. . 

The A/D has.a built-in 1/2 LSB offset intended to reduce 
the magnitude of the quantizing error to + 1/2 LSB, rather 
than +0, —1 LSB with no offset. This implies that, ig- 
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above Vp. Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VRuy, ideally. 


A/D 
Result 
Register 


Figure 11. A/D Block Diagram 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. » 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 





. CMP 
ic Cor 














Function Mnemonic 





Add Memory and Carry to A 






Subtract Memory 





Subtract Memory from A with Borrow 
AND Memory to A 
OR Memory with A 
Exclusive OR Memory with A ~EOR 


Arithmetic Compare A with Memory 
Arithmetic Compare X with Memory 






















Jump to Subroutine 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 





- MOTOROLA MICROPROCESSOR DATA 
3-462. 





MC6805R3 


read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


reer 


CLR 
Complement COM 
Negate (2’s Complement) NEG 
Rotate Left Thru Carry ROL 
Rotate Right Thru Carry 
Logical Shift Left 
Logical Shift Right 
Arithmetic Shift Right 




















- 
op) 
- 


LSR 


: 
op) 
ms) 





4 
Nn 
| 


Test for Negative or Zero 


instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 


w 
=) 
> 


Branch Always 
Branch Never BRN 





Function 

Branch Aways 

Branch Never 
Branch if Equal 
Branch if Half Carry Clear 
Branch if Half Carry Set 
Branch if Plus BPL 
Branch if Minus BMI 
Branch if Interrupt Mask Bit is Clear BMC 
Branch if Interrupt Mask Bit is Set BMS 
Branch if Interrupt Line is Low BIL 


Branch if Interrupt Line is High ~ BIH 
Branch to Subroutine . BSR 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 


branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 


lation instructions. 
BRSET n (n=O... 7) 
BRCLR n (n=0... 7) 


BSET n (n=0...7) 
BCLR n (n=0...7) 


Branch if Bit n is Set 


Branch if Bit n is Clear 


Set Bit n 





Clear Bit n 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


Transfer A to X 
Transfer X to A — 

Set Carry Bit 

Clear Carry Bit 

Set Interrupt Mask Bit 
Clear Interrupt Mask Bit 


Software Interrupt 


Return from Subroutine 
Return from Interrupt 


Reset Stack Pointer 





No-Operation 


OPCODE MAP SUMMARY 


Table 4 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov- 
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single byte instruc- 
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 


‘solute addressing is also included. Two-byte direct ad- 
- dressing instructions access all data bytes in most 


applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 
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Table 4. Opcode Map 
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Abbreviations for Address Modes 


INH Inherent 
IMM Immediate 
DIR Direct 


EXT Extended 

REL Relative 

BSC Bit Set/Ciear 

BTB Bit Test and Branch 

1x “Indexed (No Offset) 

IX1 Indexed, 1 Byte (8-Bit) Offset 
1X2 . Indexed, 2 Byte (16-Bit) Offset 


# of Cycles 
Mnemonic 
Bytes 


= 
| IMM | OR [ EXT | 
i rr 


H 
tT 
HR 









1 ix 0000 


3 
~ 8 


OQ 
v 
x 
ba 
8 
5 


4 011 


1010 


x 
= 
8 


°o 

xz 

> 
x 


1 Ix WW 


Opcode in Hexadecimal 


Opcode in Binary 


Address Mode 
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IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (é.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from 
the opcode address. 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location.. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode |s useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte foilowing the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single two-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers is un- 
defined. Since BSET and BCLR are read-modify-write 
functions, these instructions cannot be used to set 
or clear a DDR bit (all ‘‘unaffected” bits would be 
set). It is recommended that all DDR bits in a port 
be written using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


Input Voltage 
Self-Check Mode (TIMER Pin Only) 


Operating Temperature Range 
MC6805R3 

MC6805R3C 
MC6805R3V 







Junction Temperature 
Plastic 
PLCC 

Cerdip 





THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance 
Plastic (P Suffix) 
PLCC (FN Suffix) 
Cerdip (S Suffix) 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat (Pp *8ya) (1) 
where: 
Tp = Ambient Temperature, °C 
BJA = Package Thermal Resistance, 
Junction-to-Ambient; °C/W 
PD = PiIntT+ PporT 
PINT’ =!cc*Vecc, Watts — Chip Internal Power 


PPORT = Port Power Dissipation, 
Watts — User Determined 








—0.3- to +7.0 
—0.3 to + 15.0 







—40 to +85 
~40 to +105 









This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 
circuit. For proper operation it is recom- 
mended the Vin and Voyt be constrained to 
the range Vsg < (Vin Or Vout) < Vcc. Reli- 
ability of operation is enhanced if unused in- 
puts except EXTAL are tied to an appropriate 
logic voltage level (e.g., either Vss or Vcc). 








For most applications PegrtT<Pinjt.and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 


Pp =K=(Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp * (Ta + 273°C) + OJArPDZ (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known T,. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty.” 
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ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta=TL to TH, unless otherwise noted) 


Symbol_| Min | 


Input High Voltage V 

RESET (4.75 = Vcc < 5.75) 

Vee < 4.75) 

INT (4.75 = Vcce s 5.75) 

(Vcc < 4.75) 

All Other 
V 
V 


1H 
IH 
IL 
in 








eee: ‘ 
c 

















Imneer High Voltage Timer 
Timer Mode 
Self-Check Mode 
Input Low Voltage 
RESET 
INT 
All Other (Except A/D Inputs) 











0.8 
15 
0.8 
RESET Hysteresis Voltages 
“Out of Reset” VIRES + 2A 4.0 
“Into Reset’ VIRES — 0.8 2.0 
INT Zero Crossing Input Voltage, Through a Capacitor VINT a a a a Vac p-p 
| Power Dissipation — (No Port Loading, m 
Vcce= 5.75 V Ta=0°C 520 740 
for Steady-State Operation) Ta= — 40°C 580 800 
Input Capacitance C 
XTAL — 25 
All Other Except Analog Inputs (See Note) — 10 
Low Voltage Recover ae ee 
sai oleaeianibn in ee 





> 


Input Current 





TIMER (Vin = 0.4) lin = 20 
INT (Vin = 2.4 V to Vcc) a 50 
EXTAL (Vin =2.4 V to Vcc Crystal Option) — 10 
(Vin = 0.4 V Crystal Option) — — 1600 
RESET (Vin =0.8 V) IRES AO ~40 








(External Capacitor Charging Current) 





NOTE: Port D analog inputs, when selected Cjp = 25 pF for the first 5 out of 30 cycles. 
*Due to internal biasing this input (when unused) floats to approximately 2.0 V. 


SWITCHING CHARACTERISTICS (Vcc = +5.25 Vde +0.5 Vdc, Vgg=0 Vde, Ta=T1 to Ty) 


Symbol | Min | 













Oscillator Frequency fose 
Cycle time (4/fosc) 0.95 


INT, INT2, and TIMER Pulse Width | tWL, tWH er ee 
RESET Pulse Width |tawe | teye+260 | 





INT Zero-Crossing Detection Input Frequency fINT 


External Clock Input Duty Cycle (EXTAL) ae ae oe 
Crystal Oscillator Start-Up Time = a ee 





MOTOROLA MICROPROCESSOR DATA 
3-467 


3 





MC6805R3 


A/D CONVERTER CHARACTERISTICS (Vcc = +5.25 Vdc +0.5 Vdc, Vgg =0 Vdc, Ta=TL to Ty), unless otherwise noted) 


store locecais 


Total Error Difference between ideal and actual trans- 







+/— 2.25* 
fer characteristics (includes non-linearity, 
zero offset and full scale errors) 


Absolute Accuracy 


pA 2.75" Difference between the actual input voltage 
and the full-scale weighted equivalent of 
the binary output code. All error sources 


included 





+i .5 Uncertainty due to converter resolution (in- 


herent) 


Quantizing Error 


Conversion Range 


Monotonicity 
Sample Time 


Sample/Hold Capacitance, Input 








A/D accuracy may decrease proportionately 
as VRH is reduced below 4.75 V. The sum 
of VRH and Vea, must not exceed Vcc 


Includes sample time 
Inherent with total error 


< 


oO 
n 
=) 


RO 
on 





S 


io) 
fo) 


Ww 
oO 







ne} 


oy 
<|S KR < 





Analog Input Voltage Negative transients on any analog lines (Pins 


19-24) are not allowed at any time during 


VRL 


< 
PS) 
x= 




















conversion. 
*Note: Accuracy may decrease at temperatures above Ta = 85°C or fog¢<3.57, MHz. 
Vcc =5.75 V 
Test MMD6150 
Point or Equiv. 1.45 kQ 
Test Point 
40 pF 
(Total) MMD7000 . 30 pF (Total) 
or Equiv. 
Figuite. 12. TTL Equivalent Test Load Figure 13. CMOS Equivalent Test Load 
(Port B) (Port A) 
Vec=5.75V - - 
Vcc =5.75 V 
Test MMD6150 3.34 kQ 
point or Equiv. 
. 2.91 kQ 
Test 
30 pF : MMD7000 Point 
(Total) or Equiv. 
si 30 pF (Total) 
Figure 14. TTL Equivalent Test Load Figure 15. Open-Drain Equivalent Test Load 
(Ports A and C) (Port C) 
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VDD 
Port A CMOS VoD 


fe Pullup Option 


Port C Open-Drain Vong 


Option ae 









1-10k Typ. 
| 






Port DDR 
Port Data 





PB DDR 
PB Data 


iP = Input Protection IP = Input Protection 


Figure 16. Ports A and C Logic Diagram Figure 17. Port B Logic Diagram 


| 
To l/O Logic Test Point <«——. 





Vary V, 
Measure | 


1H 


Vv 





Figure 18. Typical Input Protection Figure 19. I/O Characteristic 
Measurement Circuit 
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PORT ELECTRICAL CHARACTERISTICS (Vcc = + 5.25 Vdc +0.5 Vdc, Vgg =0 Vdc, Ta=T| to Ty, unless otherwise noted) 






Characteristic 


Port A with CMOS Drive 


Enabled. 
































Output Low Voltage, ILoag=1.6 mA VOL ae eae ee ee ee ae 

VoH en ee (ee 

Vil Voc V 

Port B 

Output Low Voltage, ILoaq = 10 mA (Sink) VOL Pe. | — 1.0 V 

vor ean 
3 “| vss_| — | oe |v 

Port C and Port A with TTL Drive 
cc fe 
Vil ~ Vec V 


Input High Voltage PCO-PC6 ViH 
Input High Voltage PC7 VIH = VCC 
Input Low Voltage VIL a 


Input Leakage Current (Vjp = 13.0 V) 


Output Low Voltage, ILgaq=1.6 mA 


Port C (Open-Drain Option) _. 


< 
ep) 


LOD 
VOL 


x 
wo 


= |O 
O1 | @ 








Port D (Digital Inputs Only) 





Input High Voltage 


< 
OQ 
QO 


Input Low Voltage 


L SS 





= 
aa 


3 


< 
oO . 
-) 
| 
= 
> < > < < 


< 1% 
oO 


Input Current* iss 


*PD4/VRi — PD5/VRH. The A/D conversion resistor (15 kQ typical) is connected internally between these two lines, impacting their 
use as digital inputs in some applications. 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS, disk file 

MS-DOS/PC-DOS disk file 

EPROM(s) MC68705R3, 2532, 2732, or two 2516/2716 
To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS™ or MS™-DOS/ 
PC-DOS disk file), programmed with the customer's pro- 
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis- 
kette should be clearly labeled with the customer's name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-side, single-density, 8 inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in- 
cluding those in the user space, must be set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola’s S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


A MC68705R3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer’s program 
(positive logic sense for address and data), may be sub- 
mitted for pattern generation. Since all program and data 
space information will fit on one MC68705R3/2532/2732 
or two 2516/2716 type EPROM(s), the EPROM(s) must be 
programmed as described in the following paragraph. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


For the 2532, 2732, or MC68705R3, the ROM code should 
be located from $080 to $F37 and the interrupt vectors 
from $FF8 to $FFF. For the 2516s or 2716s, the ROM code 
should be located from $080 to $7FF in the first EPROM 
and from $0 to $737 in the second EPROM. The interrupt 
vectors should be in the second EPROM from $7F8 to 
$7FF. 


EPROM MARKING 


Xan) ia) 
_— ~ 
#8 Bn 
nm ~ > o> 
—- oO N CO 
is Lo 
a ~N 


2532/2732: 
68705R3 





xxx = Customer ID 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 


ROM 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
at room temperature and at five volts. These RVUs are 
free with the minimum order quantity but are not pro- 
duction parts. These RVUs are not guaranteed by Mo- 
torola Quality Assurance. 


ORDERING INFORMATION 


The following table provides generic information per- 
taining to the package type, temperature, and MC order 
numbers for the MC6805R3. 


Table 5. Generic Information 






































= Package Type Temperature Order Number 
Plastic O'G-to- 70°C MC6805R3P 
(P Suffix) ~40°C to +85°C MC6805R3CP 
Cerdip 7 0°C to 70°C MC6805R3S 
S Suffix ~40°C to + 85°C MC6805R3CS 
ao 
PLCC 0°C to 70°C MC6805R3FN 
[ FN Suffix — 40°C to + 85°C MC6805R3CFN 


IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA 


PIN ASSIGNMENTS 


Dual-in-Line Package 


Vssf1 @ 40 [] PA7 
RESETQ 2 39 TJPA6 
INT Q3 38 TJPA5 
Vcc 04 37 TJ PA4 
EXTAL 5 36 {J PAS 








pcaf}i3 28 {] PB3 

Ram 
pc514 27 [J PB2 ae 5 
pcet}is 26] PBI ae 
Pc7f16 25 t1PBO 


PD7(j17 24 {J PDO/ ANO 
23fJ PD1/AN1 
22 PD2/AN2 


PD4/Vp1 I] 20 211] PD3/AN3 
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PLCC Package 


PD3 (AN3) 
PD2 (AN2) ( 
PD1 (AN1) ( 


PDO (ANO) ( 





PBO ( 


PA3 
PA2 
PAI 


PAO 


PB7 
PB6 
PB5 
PB4 
PB3 
PB2 
PB1 
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Technical Summary 
8-Bit Microcontroller Unit 


The MC6805S2 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of microcontroll- 
ers. This low cost MCU has parallel I/O capability with pins programmable as input or output. This publica- 
tion contains condensed information on the MCU; for detailed information, refer to Advance /nformation 8- 
Bit Microcompters (AD|I997R1) or contact your local Motorola sales office. 

Reter to the block diagram for the hardware features and to the list below for additional features available 
on the MCU. 


@ |nternal 7-Bit Timer and 15-Bit Programmable Prescaler 
On-chip Oscillator 

Memory Mapped I/O 

Versatile Interrupt Handling 

Bit Manipulation 

Bit Test and Branch Instruction 

Vectored Interrupts 


Self-Check Mode 

1480 Bytes of ROM 

64 Bytes of RAM 

Serial Peripheral Interface (SPI!) 
One 8-Bit and One 16-Bit Timer 
A/D Converter 


BLOCK DIAGRAM 





PRESCALER1/PCO PRESCALER2/PC1 


@ ©) 
XTAL O ance 1 TIMER A. |PRESCALER 1 PORT C PRESCALER 21 TIMER B 
EXTAL O b2 TIMER A CONTROL por _| TIMER B CONTROL 
REGISTER REGISTER 
| MISCELLANEOUS 
PAO © REGISTER 


PA1 © 
P 
ege [_auniuaay couwrer ] 
AUXILIARY COUNTER 
PA3 © R ACCUMULATOR PROGRAM =———0 Ves 
T COUNTER 






PA4 a INDEX REGISTER 

PA5 © A CONDITION CODE 

PAG REGISTER 

aa: | STACK POINTER POINTER 


LOW A/D CONVERTER 
PROGRAM 
COUNTER be O ANO/PDO 
alle al O ANI/PAI 
RESET oO ea O AN2/PD2 
pete CONTROL ALU O AN3/PD3 
INT1 © i 
eliok oe 
he eee 
raed oe) ae 
AN4/ 
PORT D VsTBY 
ae —_ 
seicowo [ook] SEEGER] [on ee 
SP! DATA PORT B 248 x 8 1480 x 8 
C) © C) ©) 
PBO PB1 PB2 PB3 
SPISS SPICL SPID SPID 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 


MOTOROLA MICROPROCESSOR DATA 
3-473 | 





MC6805S2 


SIGNAL DESCRIPTION 


Vcc and Vss 


Power is supplied to the microcontroller using these 
two pins. Vcc is + 5.25 volts (+0.5A) power, and Vss¢ is 
ground. 


NUM 


This pin is for factory use only. It should be connected 
to Vss. 


INT1, INT2 


These pins provide the capability for asynchronously 
applying an external interrupt to the MCU. Refer to IN- 
TERRUPTS for more detailed information. 


XTAL, EXTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending on user selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 


RC Oscillator 


With this option, a resistor/capacitor combination is 
connected to the oscillator pins as shown in Figure 1(c). 


Refer to Figure 2 for the relationship between R and fogc. 


Cy 


EXTAL Ly Rs XTAL 
2 Co 26 


At-CUT PARALLEL RESONANCE 
CRYSTAL 

Cg=7 pF MAX. 

FREQ. = 4.0 MHz CL = 24 pF 

Rs =40 OHMS MAX. 







EXTERNAL ai 
CLOCK 
INPUT 27) EXTAL EITHER CRYSTAL 
(TTL COMPATIBLE, oe Ae mask 


LOW IMPEDANCE 
SOURCE) 


EXTERNAL CLOCK 






APPROXIMATELY 10% to 25% 


Crystal 

The circuit shown in Figure 1(b) is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins.to mini- 
mize output distortion and startup stabilization time. 


External Clock ; 
An external clock should be applied to the EXTAL input 
with the XTAL input not connected, as shown in Figure 


OSCILLATOR FREQUENCY (MHz) 





RESISTANCE (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


(SEE NOTE) G5 
27) EXTAL ERSTAL MASK 





CRYSTAL 










XTAL 








MCU 
(RESISTOR MASK EXTAL (RESISTOR MASK 
OPTION) OPTION) 





APPROXIMATELY 25% to 50% 


ACCURACY ACCURACY 
EXTERNAL RESISTOR TYPICAL teyc = 1.25 ws 
(EXCLUDES RESISTOR TOLERANCE) EXTERNAL JUMPER 


NOTE: The recommended C, value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. For crystal 
frequencies other than 4 MHz, the total capacitance on each pin should be scaled as the inverse of the frequency ratio. For 
example, with 2 MHz crystal, use approximately 50 pF on EXTAL and approximately 50 pF on XTAL. The exact value depends 


on the motional-arm parametes of the crystal used. 


Figure 1. Oscillator Connections 
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1(d). This option may only be used with the Rc or XTAL 
option selected. 


PCO, PC1 


These pins allow an external input to be used to dec- 
rement the internal timer circuit. Refer to TIMERS for 
additional information. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PA0-PA7, PBO-PB3, PCO-PC1, and 
PDO-PD6) 


Port A, B, and C are programmable as either inputs or 
outputs under software control of the data direction reg- 
isters. Port D is a fixed input port and not controlled by 
any data register. Port D has up to four analog inputs or 
five via the mask option, plus two voltage reference in- 
puts when the analog-to-digital (A/D) converter is used 
(PD5/VRH, PD4/VR_ ) and an INT2 input. If the analog input 
is used, then the voltage reference pins (PD5/Vay and 
PD4/VR_) must be used in the analog mode. Refer to 
PROGRAMMING for additional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). The port I/O programming is 
accomplished by writing the corresponding bit in the port 
DDR to a logic one for output and a logic zero for input. 













DATA 
DIRECTION REGISTER 
BIT* 


LATCHED 
OUTPUT 

DATA — 
BIT 


Output [| Input 
Data Output To 
Bit State MCU 
0 0 0 
1 1 1 
X High-2Z** Pin 


INTERNAL 
CONNECTIONS 








Data 
Direction 
Register 
Bit 












On reset, all DDRs are initialized to a logic zero state to 
put the ports in the input mode. The port output registers 
are not initialized on reset and should be written to before 
setting the DDR bits. 

Port D provides the multiplexed analog inputs, refer- 
ence voltages, and INT2. These lines are shared with the 
port D digital inputs. PDO-PD3 may always be used as 
digital or analog inputs. The VRi and VRH lines are in- 
ternally connected by the A/D resistor. Analog inputs may 
be prescaled to attain the Vai and VRH recommended 
input voltage range. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). Refer to Figure 3 for 
typical port circuitry. 


PORT B TOGGLE CAPABILITY 


Port BO and B1 registers have toggle capability at the 
timer underflow times. Under the control of the timer 
output cross-couple bit in the miscellaneous register 
(MRO), the overflow pulses from timer A and B are di- 
rected to port BO and B1 data registers. See Figure 4 for 
port B configuration flow chart. 

An incoming toggle pulse on port BO is allowed to 
toggle the data register if port B DCR bit 4 (DCR4) is 
cleared. This bit is set on reset. An incoming toggle pulse 
on port B1 is allowed to toggle the port B1 data register 








*DDR is a write-only register and reads as all ‘ones’. 

**Ports A (with CMOS drive disabled), B, and C are three-state 
ports. Port A has optional internal pullup devices to provide 
CMOS drive capability. See Electrical Characteristics tables 
for complete information. 


Figure 3. Typical Port I/O Circuitry and 
Register Configuration 
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9OLP-E 
‘WLVG YOSSSDOUdOHOIN VIOYOLOW 





PORT BI **TIMER OVERFLOW 









pap 
TOGGLE* OUTPUT OPEN 
ENABLE DRAIN BIT 


DCR B5 
MCU DDR x 


BIT ( 
DDR BI 
OUTPUT 
MCU DATA LATCH 
a Tie 


< OUTPUT 
REGISTER INPUT 
BIT << BUFFER 
(SPICRS) 


SPI EF 
CLOCK SYNCHRONIZATION 
DDR BI 


PBO 












CLOCK 







(SPICR1) 













1/0 





PORT BO 
DDR B4 ¥ 
DDR BO 
OUTPUT 
MCU DATA LATCH 
BIT 
Oc | 
*Toggle Enable B1 = (SPICR7-SPICR4+(PBO + DDRBO))*SPICR2*SPICR4)*CLAQ 


ARBITRATION 
x 
TOGGLE TIMER OVERFLOW _J7LL 
DDR. x 
} INPUT INPUT 
**A or B depends on (MRO) 


LOGIC 
MCU ENABLE BIT 
MCU BIT 
; OUTPUT 
BUFFER 
REGISTER 
BUFFER 
oe BIT <i 
x Write Only Register 


SPI 
MSB 


SPl 
MSB 





PORT B3 


OPEN DRAIN 
ENABLE BIT 
DCR B7 






MCU 





* 


DDR 


MCU BIT 
DDRB3 *WRITE ONLY REGISTER 
, SPI OUTPUT STROBE*SPICR3 to. 


OUTPUT INPUT —_ PR3 
DATA REGISTER PIN 
MCU LATCH BIT BIT <q ie. BUFERD 
UT 


a4 (SPICR3) 4 
(SPICR4) PICA 
- TYPICAL 
PORT B2 (SPICRI) DATA ARBITRATION | BUFFER DATA*DDR-4 


OPEN DRAIN 
MCU ENABLE BIT 


* 
DDR 
MCU BIT 
DDR B2 « 
ySPi OUTPUT STROBE*SPRICR3 a 
OUTPUT DATA 
MCU <| 


MCU 








1/0 


pin | PB2 





Figure 4. Port B Configuration 


cSS0899IN 





MC6805S2 


under the following conditions governed by control bits 
in SPI control register and SPI clock arbitration flip-flop 
status. 


PB1 toggle enable = (SPICR7)*SPICR4- 
(PBO + DDRBO) + SPICR2> 
SPICR4*CLAQ 








where: 
SPICR7 = SPI interrupt request bit 
SPICR4 = SPI operation enable bit 
SPICR2 = port B1 toggle enable/start bit 
CLAQ=clock arbitration flip-flop output 


When PB1 toggle enable is asserted, the MCU write to 
PB1 data register is inhibited. When SPI is not used, SPICR4 
and CLAO are reset. Therefore, SPICR2 can directly con- 
trol the port B1 toggle capability. Port toggle capability 
allows action on port BO or B1 or both as a result of timer 
overflows. This method speeds up timer overflow to port 
service. A write to port BO or B1 data registers is inhibited 
while the individual port toggle enable is asserted. 

The port B DCR consists of four status bits (DCR7-DCR4) 
and four data direction bits (DCR3-DCRO). DCR4 is a tog- 
gle enable control bit for port BO. When cleared, the timer 
overflow pulse causes the data register on port BO to 
toggle. Port A has an 8-bit and port C has a 2-bit wide 
data direction register. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and1/O registers. The memory map is shown in Figure 
5. The locations consist of user ROM, self-check ROM, 
user RAM, five timer registers, a miscellaneous register, 
two A/D registers, two SPI registers, and I/O. The interrupt 
vectors are located from $FF8 to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and Increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 0 


ie oe ee 
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INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 0 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 


1 8 7 0 
PCH PCL 


STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


11 0 


5 4 
jofofojofolijr] se | 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. 
falitwizie 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


When this bit is set, the timers (both A and B), the 
external (INT1 and INT2) interrupts, and the SPI interrupt 
are masked (disabled). If an interrupt occurs while this 
bit is set, the interrupt is latched and is processed as soon 
as the interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic one). 
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BYTES | ADDRESS ADDRESS |. 
000 | | $000 PORTA $000 
1 AD me] 
(128 BYTES) PORT C $002 
we $07F PORT D $003 
128 PORT A DDR* $004 
PAGE 0 ROM PORT B DCR* $005 
(128 BYTES) PORT C DDR* $006 
an NOT USED $007 
256 TIMER A $008 
NOT USED TIMER A CONT. REG.{ $009 
(2240 BYTES) MISC. REGISTER $00A 
| $00B 
S56 TIMER B MSB se 
7496 TIMER B LSB 
TIMER B CONT. REG.| $000 
aaa A/D CONTROL $O0E 
A/D RESULT SO0F 
3839 
SPI DATA $010 
3840 
SELF-CHECK SPI CONTROL $011 
ROM $012 
re (248 BYTES) 
: NOT USED 
t 4088 | TIMERS (A, B) (46 BYTES) 
a SPI, INT2 $03F ADDRESS 
ie $040 STANDBY RAM** $040 
S _ EXTERNAL INT 1 ea a 
S RAM : 
a & USER RAM $050 
Cc 
= a SHARED STACK RAM| 9061 
Z SFFE Pe. (31 BYTES) SO7F 
RESET | 
4095 SFFF 





*Registers are write only and read as $FF. 
**Mask option 


Figure 5. Memory Map 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


MISCELLANEOUS REGISTERS (MR) $0A 


This register contains control and status information 
related to INT2, auxiliary counter, prescalers 1 and 2, and 
timer overflow. 





[mr [os [ws [| ws [oe [om [ 


RESET: 
0 1 0 1 0 0 


MR7 — INT2 Interrupt Request Bit 
lf not masked by MR6, it causes an interrupt to the 
MCU, and if the | bit in the CCR is clear, the MCU will 
acknowledge the interrupt. 
1 = Interrupt requested 
0=Interrupt not requested 
MR6 — INT2 Interrupt Request Mask 
1=Inhibits INT2 interrupt request 
0= Does not inhibit INT2 interrupt request 
MR5 — Auxiliary Counter Status/Preset Bit 
If not masked by MR4, it will drive a switch to Vss on 
the RESET pin causing the MCU to reset. This bit may 
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be used as an auxiliary counter preset bit. If MR5 is 
clear, a write of logic one will preset the auxiliary 
counter, and if set, a write of logic zero will preset the 
auxiliary counter. 
1= Auxiliary counter overflow 
0 = Auxiliary counter clear 
MR4 — Watchdog Control Bit 
This bit cannot be set via software. The watchdog timer 
can only be disabled by reset. 
1 =Watchdog timer disabled 
0 = Watchdog timer enabled 
MR3 — Prescaler 7 Ciear Bit 
Presets the contents of prescaler 1 to $7F 
1=Prescaler 1 preset 
0=Prescaler 1 not preset 
MR2 — Prescaler 2 Clear Bit 
Presets the contents of prescaler 2 to $7FFF 
1=Prescaler 2 preset 
0=Prescaler 2 not preset 
MR1 — Prescaler Cross-Couple Bit 
This bit controls the output of prescalers 1 and 2 and 
directs them to either timer A or B clock inputs. 
1=Prescaler 1 feeds timer B clock input, and pres- 
caler 2 feeds timer A input 
O=Prescaler 1 output is used as clock input for timer 
A, and prescaler 2 output is used as clock input 
for timer B 







Oo wa wan DD OH FP CLC NY 


MRO — Port B Toggle Cross-Couple Bit 
This bit controls the overflow pulses of timers A and 
B and directs them to either port BO or Bi. 
1=Timer A overflow output is directed to port BO, 
and timer B output is directed to port B1 
0 = Overflow output pulse of timer A is used as a port 
B1 data register toggle clock source, and timer B 
overflow output pulse is directed to port BO toggle 
clock input 


SELF CHECK 


The self check is initiated by connecting the MCU as 
shown in Figure 6 and then monitoring the output of port 
C (bit 0) for an oscillation of approximately 7 Hz. The self- 
check program exercises the CPU, I/O, RAM, ROM, timers, 
interrupts, analog-to-digital (A/D) converter, and the aux- 
iliary counter. 

The RAM, ROM, and 4-channel A/D test can be called 
by a user program. The timer test may be called if the 
timer input is the internal clock. 


RESETS 


The MCU can be reset four ways: (1) by initial power- 
up; (2) by the external reset input (RESET); (3) by a forced 





R1=6 kQ 
R2=3 kQ 
R3 = 200 0 
R4=390 
C1=22 pF 
C2=1 pF 
C3=0.1 uF 


*RC Oscillator Option Shown. If Q0-Q2 LEDs Blinking = Device Passes Test 


Q3 Blinking = Watchdog Reset Problem 


Figure 6. Self-Check Connections 
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INTERNAL 
RESET 


LOW-VOLTAGE 
INHIBIT 
CIRCUIT 











*MASK OPTION 


MISCELLANEOUS REGISTER 


STRONG 
DISCHARGE 
DEVICE 















220 kQ 
TYP. 


1 uaF TYP.** 





**OPTION-100 ms DELAY 
TYPICAL DURING POWER UP 


Figure 7. Reset Circuit 


reset generated by the ‘‘watchdog” counter; and (4) by 
an optional internal low voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
line logic level. Figure 7 shows the MCU reset circuit. 





POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHL milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure 8) typically provides sufficient 
delay. 











Figure 8. Power-Up Reset Delay Circuit 


EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES— to provide an internal reset voltage. 





status bit (MR5) is set as a result of counter overflow, a 
switch to Vss is turned on pulling the RESET pin low. A 
consequent voltage drop below ViRES— on RESET causes 
a reset, which in turn sets MR4. Switching to Vs when 
the RESET pin is turned off allows voltage to rise above 
VIRES+, after which the reset is released. RESET pin 
voltage variation occurring as a result of forced reset may 
be amplified externally in order to provide a reset to other 
peripheral circuits in the system. The reset output from 
the MCU is not TTL compatible. 














LOW-VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
certain level (VLyj). The only requirement is that the Vcc 
must remain at or below the V_y| threshold for one teyc 
minimum. 

In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc. The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VLyR) at 
which time a normal power-on reset occurs. 





INTERRUPTS 


The MCU can be interrupted seven different ways: 
through the external interrupt INT1 input pin, with the 
internal timer (either A or B) interrupt request, using the 


~ software interrupt instruction (SWI), SPI interrupt re- 


FORCED RESET 


If the auxiliary counter reset mask bit in the miscella- 
neous counter (MR4) is cleared and the auxiliary counter 





quest, external port D bit 6 (INT2) input pin, or at reset. 
Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
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additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 9. 


OA Sn Me 0 
CONDITION 


CODE REGISTER 
ACCUMULATOR 


PULL 









PUSH 


*For subroutine calls, only PCH and PCL are stacked. 


Figure 9. Interrupt Stacking Order 


1» I(IN CCR) 
O7F » SP 
40 » SPICR 
FFFF ® TIMER B 


CLR INT LOGIC 


FF» TIMER A 
7F» PRESCALER 1 
50» TACR 
50 » MR 
07 » ACSR 


PUT FFE ON 
ADDRESS BUS 










FETCH 
INSTRUCTION 


Ng 


RESET 
PIN ~ LOW 
RESET 
PIN = HIGH 


LOAD PC 
FROM 


FFE/FFF 






EXECUTE ALL 
INSTRUCTION 
CYCLES 


TBCR7*TBCR6 
(TIMER B) 


TACR7*TACR6 
(TIMER A) 


+ ~ 


Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted, but are con- 
sidered pending until the current instruction is compléte. 


NOTE 
The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(| bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 10 for the reset and interrupt 
instruction processing sequence. 





















CLEAR STACK 
INTI PC, X, A, CC 

REQUEST 

LATCH 


TIMER A, B, 
INT2, SPI 


LOAD PC FROM 
SWI: FFC/FFC 
INT. FFA/FFB 

TIMER A, TIMER B, 

SPI OR INT2: 

FF8/FF9 






PC - PC +1 


+  SPICR7*SPICR6 
(SPI) 


Figure 10. Reset and Interrupt Processing Flowchart 
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TIMER INTERRUPT 
Each interrupt, except INT1, has a separate mask bit 


which must also be cleared, in addition to the | bit, for — 


the MCU to acknowledge the interrupt. The INT2, timer 
A, timer B, and SPI interrupts each have their own in- 
dependent mask bits contained in MR6, TACR6, TBCR6, 
and SPICR6. The interrupt routine must determine the 
source of the interrupt by examining the interrupt request 
bits, TACR7, TBCR7, MR7, and SPICR7. These bits must 
be cleared by software. The INT1 interrupt has its own 
vector address. Therefore, the INT1 interrupt request is 
cleared automatically, and then the INT1 vector is serv- 
iced. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT1 and INT2. Clear- 
ing the | bit enables the external interrupt. The INT2 in- 
terrupt has an interrupt request bit (bit 7) and a mask bit 
(bit 6) in the miscellaneous register (MR). The INT2 in- 
terrupt is inhibited when the mask bit is set. The INT2 is 
always read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to proc- 
ess an interrupt when the condition code | bit is clear. 
The following paragraphs describe two typical external 
interrupt circuits. 





Zero-Crossing Interrupt 


A sinusoidal input signal (fjy71 Maximum) can be used 
to generate an external interrupt (see Figure 11a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 


Digital-Signal Interrupt 


With this type of circuit (Figure 11b), the INT1 pin can 
be driven by a digital signal. The maximum frequency of 
a signal that can be recognized by the TIMER or INT1 pin 
logic is dependent on the parameter labeled ty, tWH. 
Refer to TIMER for additional information. 


AC (CURRENT 
(fiNTMAX.) LIMITING) 
Rs<1 MQ 
AC INPUT R 


(A) ZERO-CROSSING INTERRUPT 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMERS 


The MCU has three timers and two programmable 
prescalers. The timers are identified as timer A, B, and 
the auxiliary counter. Refer to Figure 12 for timers A and 
B block diagram. The following paragraphs described the 
different timers. 


TIMER A 


Timer A is an 8-bit programmable counter, which can 
be loaded under program control. Timer A also includes 
a modulus latch which allows the timer to be ‘‘auto-re- 
loaded.” As clock inputs are received, timer A decrements 
toward $00. When $00 is reached, bit 7 in the timer A 
control register is set and the timer is reloaded with the 
contents of the modulus latch. An overflow condition is 
also generated when value $00 is reached. This state can 
be used to toggle bit 0 or bit 1 of port B directly under 
the control of the miscellaneous register (MRO), the SPI 
control register, and the port B data direction register. 
Setting TACR6 or the | bit in the condition control register 
will prevent timer interrupts from being processed. The 
timer interrupt request bit WUST be cleared by software. 
There are three ways of loading data from the modulus 
latch into timer A as described in the following paragrahs. 


Direct Loading 


When the MCU writes to timer A data register, the data 
is latched by the modulus latch, and forced into the timer. 


This operation requires that TACR3 be cleared. 


Asynchronous External Event Loading 


When TACR3 is a logic one, the contents of the mod- 
ulus latch are transferred to the timer at the rising edge 
of INT2 interrupt request bit (MR7) gated with interrupt 
request mask bit (MR6). If this loading is used, care must 





(B) DIGITAL-SIGNAL INTERRUPT 


Figure 11. Typical Interrupt Circuits (INT1) 
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SELECT 
TACR2,1,0 
CJ O) O 
0 J INTERNAL DATA BUS 
e@ D7 
0 PRESCALER1 7 
SELECT 
TACR4,5 RESET MODULUS LATCH 
O O MR3 
PRESCALER 1/ 
PCO 
VERFLOW 
TIMER A : 
INTERNAL | SELECT BY $008 
CLOCK ee INT. TO MCU 
ee REQUEST 
TBCR3.2.1,0 a SELECTED BY MRO 
ot 0 Q--0-3 PORT BI TOGGLE 
/ 
ae O- PORT BO TOGGLE 
i $00B 97 $S00C g 
0 15 
PRESCALER 2 TIMER B 4 TIMERB INT. TO MCU 
MsB!~—LSB-[ ovenrigy| REQUEST 
SELECT WRITE LSB 
TBCR4,5 RESET , 
PRESCALER 2/ ‘ MR2 READ/WRITE LSB 
ae PIPELINE LATCH a 
WRITE MSB (ele MSB 
INTERNAL DATA BUS 
INTERNAL 
CLOCK 


Figure 12. Timers A and B Block Diagram 


be taken in programming as it will start an interrupt serv- 
ice routine if the | bit in the CCR is clear. Loading $00 to 
timer A allows a countdown of 256 clocks before the next 
$00 state is reached. 


Auto-Loading 


The modulus latch is automatically loaded when the 
timer reaches $00. This loading is dependent on the set- 
ting of TACR3. Auto-loading also occurs in both the pre- 
vious loading modes. Timer A can be read at any time 
~ without affecting the countdown of the timer. The timer 
and modulus latch are set to $FF on reset. 


NOTE 


Loading $01 to timer A should be avoided when 
Operating with a divide-by-one prescaler. Doing so 
will inhibit timer A auto-loading, interrupt genera- 
tion, and port B toggle mechanisms. 


MOTOROLA MIC 


TIMER A CONTROL REGISTER $09 


7 6 5 4 3 2 1 0 
TACR7 | TACR6 | TACRS | TACR4 | TACR3 | TACR2 ; TACR1 | TACRO 


RESET: 


0 1 0 0 0 0 
TACR7 — Timer A Interrupt Request Flag 
1=Timer A has transition to $00 
0 = Software or reset cleared 
TACR6 — Timer A Interrupt Request Mask 
1=Interrupt request inhibited 
0=Interrupt request not inhibited 
TACR5 — External or Internal Bit 
1 =External clock source for prescaler 1 
0=Internal clock source for prescaler 1 
TACR4 — External Enable Bit 
Control bit used to enable the external timer pin 


(PRESCALER1/PCO). 
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TACRS | TACR4 Prescaler 1 Clock Source 
| oo | Internal Clock |. | 


1 AND of Internal Clock and PRESCALER1/ 
PCO* 


Rae Inputs Disabled 
PRESCALER1/PCO* Low-to-High Transi- 








tion 


*The status of PRESCALER1/PCO depends upon the data direc- 
tion status of PRESCALER1/PCO. If PRESCALER1/PCO is an out- 
put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic. level of PRESCALER1/PCO. 


TACR3 — Timer A Load Mode Control — 
1=Asynchronous external event loading (INT2 driven 
loading is enabled) 
0=Allows direct loading of timer A 
TACR2, TACR1, TACRO — Prescaler 1 Division Ratio Con- 
trol Bits 
When set, these bits select one of eight possible out- 
puts on prescaler 1. 





TIMER B 


This isa 16-bit timer which is accessed via two registers 
($0B for the most-significant byte (MSB) and $0C for the 
least-significant byte (LSB)). The MSB has a “‘pipeline”’ 


latch that allows a ‘‘snap shot” value of the entire 16 bits © 


to be read. Read/write operations to the LSB are direct. 
The LSB can be read at anytime without disturbing the 
count. When the LSB is read, the contents of the MSB 
are loaded into the pipeline latch so a read of the MSB 
is actually the contents of the latch. 

When writing to the LSB, the contents are immediately 
entered into the timer. At the same time the pipeline 
contents are forced into the MSB of the timer. This allows 
a 16-bit word to be placed into the timer data register 
during a LSB write operation. An underflow condition is 
also generated when value $00 is reached. This state can 
be used to toggle bit 0 or bit 1 of port B directly under 
the control of the miscellaneous register (MRO), the SPI 
control register, and the port B data direction register. 
Setting TBCR6 or the | bit inthe condition control register 
will prevent timer interrupts from being processed. The 
timer interrupt request bit WUST be cleared by software. 


TIMER B CONTROL AND STATUS REGISTER $0D 


7 6 5 4 3 2 1 0 
TBCR7 | TBCR6 | TBCR5 | TBCR4 | TBCR3 | TBCR2 | TBCR1 | TBCRO 


RESET: 
0 1 0 0 0 0 0 0 


TBCR7 — Timer B Interrupt Request Flag 
1=Timer B has transition to $00 
0 = Software or reset cleared 
TBCR6 — Timer B Interrupt Request Mask 
1=Interrupt request inhibited 
0=Interrupt request not inhibited 
TBCR5 — External or Internal Bit 
1 =€xternal clock source for prescaler 2 
0=Internal clock source for prescaler 2 
TBCR4 — External Enable Bit 
Control bit used to enable the external timer pin 
(PRESCALER2/PC1). 


Prescaler 2 Clock Source 





| 9 | 0 _ [Internal Clock 


oe AND of Internal Clock and PRESCALER2/ 
PC1* 





Inputs Disabled 


4 
PRESCALER2/PC1* Low-to-High Transi- 
tion 


*The status of PRESCALER2/PC1 depends upon the data direc- 
tion status of PRESCALER2/PC1. If PRESCALER2/PC1 is an out- 
put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic level of PRESCALER2/PC1. 








TBCR3, TBCR2, TBCR1, TBCRO — Prescaler 2 Division 
Ratio Control Bits | 
When set, these bits select one of eight possible output 


on prescaler 2. 
TBCR3 TBCR2 TBCR1 TBCRO Divide By 













1 


hen eS 





1 
2 

16 
1 

1024 

2048 

4096 

8192 


256 
16384 
32768 


1 
1 





1 
1 
1 


1 
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PRESCALER 1 


Prescaler 1 is a 7-bit binary down counter; its value is 
selected by TACR2, TACR1, and TACRO. The selected out- 
put is used as the clock input to either timer A or B, 
depending upon the status of the prescaler cross-couple 
bit (MR1). The type of clock source to prescaler 1 may be 
selected by TACR5 and TACR4. Prescaler 1 is set to $7F 
at reset or under program control when a one is written 
to prescaler 1 clear bit (MR3). 


PRESCALER 2 


Prescaler 2 is a 15-bit down counter; its value is se- 
lected by TBCR3, TBCR2, TBCR1, and TBCRO. The se- 
lected output is used as the clock input to either timer A 
or B, depending upon the status of the prescaler cross- 
couple bit (MR1). The type of clock source to prescaler 2 
may be selected by TBCR5 and TBCR4. Prescaler 2 is set 
to $7FFF at reset or under program control when a one 
is written to prescaler 2 clear bit (MR2). 


AUXILIARY COUNTER 


This register is a fixed counter which is clocked by the 
internal clock (fogc divided by four). Total count period 
is 4095 cycles. The MCU communicates with this counter 
via the miscellaneous register (MR5 and MR4). Count- 
down may be aborted at any time under program control, 
which also resets the counter to 4095 and clears MRS. 
When MR4 is clear and MRS3 is set as a result of counter 
time out, the reset pin is internally pulled to ground. If 
the MCU loses control of the program, the ‘‘watchdog’”’ 
timer will bring the MCU back to reset. Refer to Figure 
13 for counter operation diagram. 


SERIAL PERIPHERAL INTERFACE 


The serial peripheral interface (SPI) has arbitration on 
the data and clock lines. The SPI communicates with the 
MCU via data and control registers. The SPI data and 
clock inputs are always taken from their respective I/O 
ports, regardless of the status of the data direction reg- 
isters relative to that port. The SPI can operate in modes 
from auto clocked (NRZ), half duplex, and full duplex with 
from a one wire to a four wire combination. Refer to 
Figure 14 for the SPI block diagram. 


SPI CONTROL AND STATUS REGISTER 


This 8-bit register contains the status and control bits 
relative to SPI operations. The SPI control register op- 
eration is shown in Figure 15. The SPI control and status 
register bits can be set or cleared under program control. 


] 6 5 4 3 2 1 0 


RESET: 
0 1 0 0 0 0 0 0 


SPICR7 — SPI Interrupt Request Bit 
Set on eighth data input strobe. MCU services this in- 
terrupt if | bit is clear in CCR. 
1=Interrupt request (if SPICR6 not masked) 
0=No interrupt pending 


SPICR6 — SPI Interrupt Request Mask Bit 
1= Disables interrupt request from SPICR7 
0=Enables interrupt request from SPICR7 
SPICR5 — SPI Clock Sense Bit/Bus-Busy Flag 
Dual-function bit controlled by the status of SPICR4 
1=Start SPI operation when SPICR4=1. Input data 
latched on positive edge and output data changed 
on negative edge of SPI clock when SPICR4=0. 
0=Stop SPI operation when SPICR4=1. Input data 
latched on negative edge and output data changed 
on positive edge of SPI clock when SPICR4=0. 
SPICR4 — SP! Operation Enable Bit 
This bit determines the functions of SPICR5 and SPICR2. 
1=Enables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 
0 = Disables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 
SPICR3 — SPI Data Output Select Bit 
1=Output of the SPI data register is loaded to port 
B3 data register at the appropriate SPI clock edge 
selected by SPICR5, during the active transaction 
mode 
0= Output of the SPI data register is loaded to port 
B2 data register at the appropriate SPI clock edge 
selected by SPICRS5, during the active transaction 
mode 
SPICR2 — Port B1 Toggle Enable/Start Bit 
Dual-function bit controlled by the status of SPICR4 
1=Start bit is set by negative transition of the data 
input of the SPI data shift register while the clock 
is at the idle level when SPICR4=1. Start bit set 
under program control to enable port B1 data reg- 
ister toggle facility when SPICR4 =0. 
0=Stop SPI operation when SPICR4 = 1. Cleared un- 
der program control when SPICR4=0. 
SPICR1 — Mode Fault Flag 
1=(a) Mode flag is set when SPI data output arbi- 
tration occurs on the SPI data output port (PB3 
or PB2) selected by SPICR3. The MCU loses 
data mastership, and the SPI data output port 
DDR is cleared. 

(b) Mode flag is set if a low level is detected on 
slave input PBO. Then, the MCU loses clock 
mastership switching to the clock slave mode, 
and port B1 DDR is cleared. 

(c) Mode flag is set during the idle mode when a 
negative clock edge is detected on the SPI clock 
input, and the port B1 data register is cleared. 

0 =Cleared under program control 
SPICRO — SPI Input Data Select Bit 
1 = SPI data from port B3 is latched into the SPI data 
register 
0 = SPI data from port B2 is routed to the input of the 
SPI! data register 


SPI DATA REGISTER 


This register can be written to any time and can also 
be read, regardless of serial operations, without disturb- 
ing the data. A one bit shift to the left occurs each time 
there is a data input strobe while the LSB is loaded with 
data from port B2 or B3. The MSB is loaded every time 
there is data output strobe. Data input and output strobes 
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EXTERNAL RESET | | FORCED RESET TIME 
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=| | | 
RESET | 
VIRES + 7 | | | | Vines- Vines + 


MCU WRITE 0» [MR4} | 1» [MR5] 1» [MR4] 0» [MR5] 0» (MR4] 


Counter Preset by Writing ‘1” 
Underflow: MR5@ 1; No Forced Reset 


Counter Reset by Writing ‘’0” 


Underflow MR5 @ 1 Forced Reset 


OOOO 


Figure 13. Auxiliary Counter Operation 
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Figure 14. Serial Peripheral Interface Block Diagram 
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Figure 15. SPI Control Register Operation 


are generated internally only during the active transac- 
tion time. 


SPI DIVIDE-BY-EIGHT COUNTER 


The counter is cleared during SPI deselect or idle modes. 
A count occurs at every data input strobe during the ac- 
tive transaction mode. At overflow, SPICR7 is set which 
puts the SPI in idle mode and blocks all data input and 
output strobes. The counter is cleared when PBO is high 
if the SPI is in the slave mode or when a “‘start’’ condition 
is detected. 


SPI OPERATION 


The SPI can operate in a variety of modes. Software 
assisted protocols may be defined to upgrade the hard- 
ware versatility and/or system performance of the MCU. 
Some features common to all operating modes are sum- 
marized in Table 1 and in the following paragraphs. 

1) SPI data input and output may be individually routed 
to or from PB2 or PB3 (Table 2). These four routings 
provide half and full duplex operations, as well as 
allowing bidirectional information to flow in daisy- 
chained systems. 

When data input and output is done on PB2, PB3 
is available for any other use and vice versa. 
Data input is always relative to the port pin logic 
level regardless of the data direction register status 
on that pin. 

In full duplex operation, 16 bits of information may 
be transferred with eight clock pulses between at 
least two devices with transmit capability. Both PB2 
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— 
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— 
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~—— 


5 
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™S 


8 


— 


9) 


and PB3 are used for data transfer. The same shift 
register is used for data in and data out. The byte 
transmitted replaces the byte received. SPICR7 is 
used to signify that the I/O operation is complete. 
SPI clock is always provided on port B1. In the clock 
slave mode, port B1 DDR is in the input mode 
(cleared). In the clock master mode, port B1 DDR 
is set; therefore, the MCU imposes the clock level 
on PB1 until there is clock arbitration on the clock 
line or until the MCU loses clock mastership when 
PBO goes low. 

No fixed baud rate generation exists. The clock 
frequency is dependent on the prescaler clock 
source option, prescaler divide ratio, and timer di- 
vide ratio as well as the port C status in case of 
external clocking for the timer. Toggling of the port 
B1 data register is automatically allowed during 
the active transmission mode. 

All devices connected to the SPI must have their 
Output and input data strobe on the same clock 
edge for correct transfer of data. 

During the active transmission mode, the first clock 
edge must be the output data strobe. When this 
occurs, the MSBs of the data registers of all trans- 
mitters are copied onto the data output pins, and 
the MCU copies the MSB of its SPI onto the port 
B2 or B3 data register. 

Port B data direction registers and port B data con- 
trol registers are accessible during SPI operation. 
During active transaction mode, the PB1 data reg- 
ister, PB2 data register (if SPICR3=0), and PB3 (if 
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SPICR3 = 1) are not write accessible under program 10) Port B lines not used for SPI can be used for other 
control. digital functions. 


Table 1. Summary of SPI Operations 


DEFINITIONS 
Transmitter — Data Master: DDRB2 or 3=1 
Receiver — Data Slave: DDRB2 or 3=0 
Clock Master: DDRB1=1 
Clock Slave: DDRB1=0 
Transaction Mode: SPICR4=1 __ 
1) Active: SPICR7e(DDRBOePBO + DDRBO) if DDRB1 =0 (clock slave mode) or 
SPICR7e(DDRBOePBO + DDRBO) if DDRBi = 1 (ciock master mode) 
Clock Pulses allowed, data shifted 
2) Idle: SPICR7 +DDRBOePBO if DDRB1=0 (clock slave mode) 
Clock pulses blocked, data output line in high-impedance state 
Deselect Mode: SPICR4=0 —- No SPI Operations 


SLAVE SELECT INPUT 
Slave Select Input: SPISS — PBO 
If DDRBO=0 then so SPISS action on MCU 
1) Master Mode: SPISS=1 DDRB1=1 
SPISS 1-0: Switch to Slave Mode (DDRB1 1 - 0) 
Set SPICR1 (Mode Fault Flag) 
2) Slave Mode: SPISS=0 DDRB1=0 
External clock is allowed to shift data in/out. If SPISS is pulled high, the external clock input pulses 
are inhibited; no data shift; divide-by-eight counter cleared; SPID (PB2 or PB3) switched to high- 
impedance state. 
Used as Chip-Select Input 


DATA ARBITRATION 
Data master loses data mastership when data collision occurs during internal data strobe time. 


If SPID output port (PB2 or PB3) = 1 while actual pin level is pulled low externally — conflict detected at internal 
data strobe time. , 


Then SPICR1 (mode fault flag) is set; SPID output port DDR (B2 or B3) 1» 0 (high-impedance state). 


CLOCK ARBITRATION 
MCU has clock mastership (DDRB1 = 1) 
1) Via SPISS line (DDRBO = 0). If SPISS is pulled low, then clock mastership lost; DDRB1 1 » 0 (high-imped- 
ance state); SPICR1 is set (mode fault flag). 
2) Via clock line SPICL (DDRB1=1 and DCRB5=0) 
Condition: SPICL must have open-drain output (DCRB5=0) 


If clock line is held low externally then clock mastership is not lost; minimum tc} and 
tCLK times are guaranteed. 


If SPICL goes low during idle mode then SPICR1=1 and clock line is switched low to 
inhibit the system clock. 


MODE FAULT FLAGE OPERATION (SPICR1) 
Flag set when any of the following conditions occur: 
Data arbitration occurs on SPID output. 
Clock arbitration with SPISS during master to slave switching. 
Clock arbitration via clock line if SPICL 1» 0 during idle. 


START, STOP, AND CLOCK IDLE CONDITIONS 
Clock Idle: The clock level just prior to the transition that causes data on the serial output data line to be 
changed is defined as the SPI clock idle state. 
SPICR5=0: SPICL Idle =Low State 
SPICR5=1: SPICL Idle=High State 


These definitions are necessary for determining start and stop conditions. 


NOTE 
Clock idle state can only be defined if SPICR4=0 (Deselect Mode) — 


Start Condition: Any negative transition of the data input line (PB2 or PB3) during an SPICL idle state. 
Stop Condition: Any positive transition of the data input line during an SPICL idle state. 
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Port 
Name 
PBO SPISS 
PBO Data 







PB2 SPID Yes No 
PB2 SPID No Yes" 
PB2 Data Yes Yes 







PB3 SPID Yes No 
PB3 SPID No Yes 
PB3 Data Yes Yes 





SELECT INPUT OPERATION 


An external device supplies slave select information 
via port BO. If slave select is not used, set port BO to output 
mode to inhibit slave select function. 

The following paragraphs describe clock master and 
clock slave operating modes of the SPI.. 


Master Mode Slave Select Actions 


The MCU monitors slave select input in master mode 
to assure that it stays false. If slave select goes true, the 
MCU exits master mode and becomes a slave. This im- 
plies that a write collision has occurred which means two 
devices attempted to become masters. Write collisions 
normally result from a software error, and the default 
master must clean up the system. The mode fault flag is 
set to signal that clock mastership is lost. Slave select 
actions can take place during either active or idle trans- 
action modes. 


Slave Select Input Actions During Slave Mode 


The current clock master generates slave select to en- 
able one of several slaves to accept or return data. The 
SS signal must go low before serial clock pulses occur 
and must remain low until after the eighth serial clock 
cycle. Individual lines or a daisy chain can be used for 
multiple slaves. When SS is high, the following occur: 

@ Serial data output is forced to a high-impedance state 

without affecting the DDR status. 

@ Serial clock input pulses are inhibited from gener- 

ating internal data output and input strobe pulses. 

@ The eight-bit counter is cleared. 


SPI OPERATING MODES 


Six methods of operating the SPI are discussed in the 
following paragraphs. 


One-Wire Autoclocked Mode 


Various SPI devices can be connected on a single wire, 
with data transmission using an implicit clock, and each 
device being its own clock master. 


Two-Wire Half-Duplex Mode 


In this mode, separate data and clock lines connect the 
elements in the system. Data and clock mastership should 


Clock slave 
Clock master 









Table 2. Port B Status During SPI Operation 


Use | lee bea, nn ee! 
Yes No 
No Yes 

PB1 SPICL Yes No 

PB1 SPICL No Yes 





Used as slave select input 
Used as “busy” signal or any digital 
output 








SPI data input SPICRO=0 
SPI data output SPICR3=0 
Any digital signal SPICR3 = 1 


SPI data input SPICRO = 1 
SPI data output SPICR3 = 1 
Any digital signal SPICR3 =0 










be monitored via protocol included in the data patterns. 
A transmitter can send all zeros to take all other trans- 
mitters off the bus. 


Three-Wire Half-Duplex Mode with Slave Select Input 


This mode is the same as the half-duplex mode except 
that the slave select input allows using the MCU as a 
peripheral in a system where clock mastership is passed 
through the slave select line. Typically, the slave select 
lines can be wired together. The current master sets its 
slave select line in the output mode prior to a serial trans- 
mission and pulls it low to indicate that the system is 
busy. This allows the clock master to retain mastership 
until the end of transmission. Software protocol can be 
arranged so that slaves do not request mastership until 
their slave select lines go high. At the end of a transmis- 
sion, the current master pulls SPISS high and puts the 
SPISS port (PBO) in the input mode. A slave requesting 
clock mastership pulls the SPISS line low, removing the 
current master from the line. Time multiplexed protocols 
may be required to avoid simultaneous mastership re- 
quests. 











Three-Wire Full-Duplex Mode 


This mode allows the MCU to operate simultaneously 
as transmitter and receiver. Bus or daisy-chain networks 
are feasible. Protocols in the data stream are required to 
change: 

e@ Clock masters 

@ The number of transmitters in the system 

@ The direction of data flow in daisy-chained systems 

with collision 

It is possible for the MCU to shift out one byte of data 
while receiving another, as illustrated in Figure 16. This 
eliminates the need for XMIT EMPTY or REC FULL status 
bits. 


Three-Wire Full-Duplex Mode with Clock Arbitration 


This mode is a mix of the three-wire full-duplex mode 
and two-wire half-duplex mode with clock arbitration, 
where the SPI clock line operates as a wire-or. Simulta- 
neous masters are allowed, and clock arbitration is via 
the clock line. 
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SLAVE SELECT 
CLOCK 
DATA 


EXAMPLE: INFORMATION FLOW 





B2=SPID IN 
B3=SPIC OUT 


B2=SPID OUT 
B3=SPID IN 


Figure 16. Daisy Chain/Cascade Organization 


Four-Wire Full-Duplex Mode with Slave-Select Input 


This mode is similar to the three-wire full-duplex mode 
in network construction and to the three-wire half-duplex 
mode with slave-select input in clock arbitration and slave 
selection. Refer to Figure 17. 


ANALOG-TO-DIGITAL CONVERTER 


The chip resident 8-bit analog-to-digital (A/D) converter 
uses a successive approximation technique as shown in 
Figure 18. Four external analog inputs can be connected 
to the A/D through a multiplexer via port D. Four internal 






Vec 


QOQn2 Y 
arn 
yn Qa WN a 

(7p) ~ 


Figure 17. SPI Operation Bus Organization 


*HALF DUPLEX 


*HALF DUPLEX 
WITH CLOCK ARBITRATION 


*HALF DUPLEX 
WITH SLAVE SELECT 


*FULL DUPLEX 


*FULL DUPLEX 
WITH SLAVE SELECT 


analog channels (VRH—-VRL, VRH —VRL/2, VRH—- VRL/4, 
and Vp,) may be selected for calibration. The accuracy 
of these internal channels may not meet the accuracy 
specifications of the external channels. 

A fifth external analog input (AN4) is available via the 
mask option. When selected, it replaces the VRH internal 
channel. Due to signal routing, the accuracy of this fifth 
channel may be slightly less than ANO-ANS3. 

Multiplexer selection is controlled by the A/D control 
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul- 
tiplexer selection. The ACR is shown in Figure 18. The 
converter uses 30 machine cycles to complete a conver- 
sion of a sampled analog input. When the conversion is 
complete, the digital value is placed in the A/D result 


PID:PD2/3 
PICL:PB1 


SPID:PB2/3 
SPICL:PB1 
S 

S 


SPID:PB2/3 
SPICL:PB1 
SPISS:PBO 


SPID IN:PB2/3 
{ SPID OUT:PB3/2 
SPICL:PB1 
SPID IN:PB2/3 
SPID OUT:PB3/2 
SPICL:PB1 
. SPISS:PBO 
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Table 3. A/D Input MUX Selection 






acre | ACRT 


Oo |} O 





=-2--0000 


*Internal (calibration) levels 
**AN4 may replace the VRy calibration channel if selected via mask 
option. 


register (ARR); the conversion flag is set; selected input — 


is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input, which is held internally, is sam- 
pled for five machine cycles. 

The converter uses VRH and Vp, as reference voltages. 
An input voltage equal to or greater than Vp} converts 
to $FF. An input voltage equal to or less than Vp_, but 
greater than Vss, converts to $00. Maximum and mini- 
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and be 
referenced to Vpi for the ratiometric conversion. To 
maintain full accuracy of the A/D, three requirements 
should be followed: (1) VRH should be equal to or less 
than Vcc, (2) VRL should be equal to or greater than Vss 
but less than maximum specifications, and (3) VRH — VRL 


should be equal to or greater than 4 volts. 
The A/D has a built-in 1/2 LSB offset intended to reduce 


the magnitude of the quantizing error to + 1/2 LSB, rather 













D/A 
15 k (TYP.) 


PDS/VRH 
PD4/VaL 


PDO/ANO 









PDI/ANI ee 
PD2/AN2 MULTIPLEXER 
PD3/AN3 
INT2/PD6/AN4 
, eae (SF GS 
site EVAL 
REGISTER L< all ise Wi: 





($00E) 






Input Selected [min | Typ | Max 










A/D Output (Hex) 


FE** | FR¥* | FR** 
00 | oo | o1 
3F | 40 | 41 
7F | 80 | 81 





than +0, —1 LSB with no offset. This implies that, ig- 
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above VR_. Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VRu, ideally. 


INSTRUCTION SET 


The MCU has a set of 61 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 


+ 


LOGIC 





RESULT 
REGISTER 


Figure 18. A/D Block Diagram 
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jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 









Load A from Memory 


Add Memory and Carry to A 


Subtract Memory 


Subtract Memory from A with Borrow 
AND Memory to A 









| Mnemonic 


SUB 









Bit Test Memory with A (Logical Compare) 


JMP 
JSR 





Jump Unconditional 






Jump to Subroutine 





BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 





Function 






BRA 
Branch Never BRN 


Branch IFF Higher BHI 


Branch Always 











Branch IFF Plus PL 
Branch IFF Minus M 
Branch IFF Interrupt Mask Bit is Clear BMC 
Branch IFF Interrupt Mask Bit is Set M 
Branch IFF Interrupt Line is Low BIL 
Branch IFF Interrupt Line is High BIH 


Branch to Subroutine BSR 


® 


Branch IFF Lower or Same BLS 
Branch IFF Carry Clear 
(Branch IFF Higher or Same) 
Branch IFF Carry Set BCS 
(Branch IFF Lower) 
Branch IFF Not Equal 
Branch IFF Equal 
Branch IFF Half Carry Clear 
Branch IFF Half Carry Set 
| BPL 


es) 


ies) 
op) 











READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 


_ {| Set Carry Bit 
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read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


Increment | INC | 
Decrement | DEC | 
Clear | cLR | 

















ROL 


Logical Shift Left 


INC 
DEC 
CLR 
COM 
NEG 
ROL 
sROR: 2) 
LSL 
i 





Arithmetic Shift Right 
Test for Negative or Zero 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 


lation instructions. 
Mnemonic 
BRSET n (n=0 


Function 
Branch if Bit n is Set 








BSET n (n=0 
BCLR n (n=0 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


Transfer A to X 
Transfer X toA 





=O0... 7) 

Branch if Bit n is Clear BRCLR n (n=0... 7) 
=0...7) 

eee 















Reset Stack Pointer 
No-Operation 





OPCODE MAP SUMMARY 


Table 4 is an opcode map for the instructions used on 
the MCU. 
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BRSET2 " BSET2 BCC 





a0 R 
4 
‘BRSETS " aSET3 BNE 
BRCLAS " BCLAS 


‘BRSET4 " BSET4 





‘BRSETS, " BSETS 
‘oto 


4 
BRSETS " BSETS 
REL 
BRCLAG " BCLAG mu 
‘BRSET7 "BSET? 
6 
;BRCLA? " BCLAZ 
ri BTB BSC 


Abbreviations for Address Modes 


INH inherent 
IMM Immediate 
DIR Direct 


EXT Extended 

REL Relative 

BSC Bit Set/Clear 

BTB Bit Test and Branch 


IX Indexed (No Offset) 
IX Indexed, 1 Byte (8-Bit) Offset 
IX2 Indexed, 2 Byte (16-Bit) Offset 


Read-Modify-Write 
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# of Cycles 
Mnemonic 
Bytes 


Table 4. Opcode Map 
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ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two-byte direct- 
addressing instructions access all data bytes in most ap- 
plications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from 
the opcode address. . 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 


through a table or to hold the address of a frequently 
referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 






Supply Voltage 


Input Voltage PCO in 
Self-Check Mode 
. All Other 








Operating Temperature Range 
MC6805S2P 
MC6805S2CP 






THERMAL CHARACTERISTICS 


Thermal Resistance 
Plastic (P Suffix) 


POWER CONSIDERATIONS 






Junction Temperature 
Plastic Package 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat(Pp* 8a) (1) 
where: 
TA = Ambient Temperature, °C 
BJA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
Pb = Pint+PporT 


Pint =!cc<Vcc, Watts — Chip Internal Power 
PPORT = Port Power Dissipation, : 
Watts — User Determined 


Veco =4.75 V 







TEST MMD6150 
POINT OR EQUIV. 








1.3 kQ 


40 pF 


7 
(TOTAL) saa a 


OR EQUIV. 


Figure 19. TTL Equivalent 
Test Load (Port B) 


Voc =4.75 V 









TEST MMD6150 
POINT OR EQUIV. 





2.26 kQ 


MM07000 
OR EQUIV. 


30 pF 
(TOTAL) 


Figure 21. TTL Equivalent 
Test Load (Ports A and C) 





Symbol Value 
———_fatna_{ Snot] __vatun_{ nt 


—0.3 to + 15.0 
—0.3 to +7.0 





Port A and C Source Current per Pin| — lout 
(One at a Time) 
0 to 70 
-—40 to +85 
Storage Temperature Range -—55 to +150 = 


Symbol 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 
circuit. For proper operation, it is recom- 
mended the Vin and Voyt be constrained to 
the range Vss < (Vin or Vout) < Vcc. Reli- 
ability of operation is enhanced if unused in- 
puts except EXTAL are tied to an appropriate 
logic voltage level (e.g., either Vss or Vcc). 


For most applications PeportT<Pint and can be ne- 
glected. PPoRT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 


Pp= K+ (Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp * (Ta + 273°C) + by APD? (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ty. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty. 


30 pF (TOTAL) 


TEST POINT nk | 


Figure 20. CMOS Equivalent 
Test Low (Port A) 


Vpp =4.75 V 
1.36 kQ 
TEST 
POINT j 
a 30 pF (TOTAL) 


Figure 22. Open-Drain Equivalent 
Test Load (PB1, PB2, and PB3) 
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ELECTRICAL CHARACTERISTICS 
(Vcc = + 5.25 Vde +0.5 Vdc, Vgg=0 Vdc, Ta=TL to Ty, unless otherwise noted) 


VIH V 


Input High Voltage 
RESET (4.75 = Vcc < 5.75) 


















— ~Vee = 4.75) 
INT (4.75 = Vee = 5.75) 
(Vcc > 4.75) 
All Other 
Input High Voltage Timer PCO VIH 
Port/Timer Mode 2.0 
Self-Check Mode 9.0 
Input Low Voltage VIL 
RESET VSs 
INT Vss 
All Other (Except A/D Inputs) Vss 





RESET Hysteresis Voltages (See RESETS) 
“Out of Reset’ VIRES + 2.1 
“Into Reset’ VIRES— 0.8 


Standby Supply Voltage (INT2 Input Option) VSTBY 
Standby Current (INT2 Input Option) (Vstpy =3.0 V) ISTBY 


Power Dissipation — No Port Loading 
(Vcc =5.75 V, Ta = 0°C) Pp 600 830 
(Vcc =5.75 V, Ta = — 40°C) Pp 670 890 


Input Capacitance (Except Analog Inputs — See Note) 
Low Voltage Recover vive | —- [| -— | 45 | 
Low Voltage Inhibit VLVI 2.75 3:15 


Input Current 
INT 
(Vin =2.4 V to Vcc) 
EXTAL 
(Vin =2.4 V to Vcc Crystal Option) 
(Vin =0.4 V Crystal Option) 
RESET 
(External Charging Current) 








=| 
= 











= 

(a) 
TT 

an 


: 
, on 2 . . . « . 
= : 
> > 








TBD = To Be Determined 
NOTE: Port D analog inputs, when selected, Cjj =25 pF for the first 5 out of 30 cycles. 


*This input (when unused) floats to approximately 2.0 V due to internal biasing. 
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SWITCHING CHARACTERISTICS 
(Vcc = + 5.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta=TL to Ty, unless otherwise noted) 











Characteristic 


Symbol Typ 


Oscillator Frequency fosc 


Cycle time (4/fosc) 


oO 


0.95 





° 
p 
| 
£ 
| 


— 
n 


<= 

= 

sap 
N 


teyc 


INT, INT2, and TIMER Pulse Width twe twH 
RESET Pulse Width tRWL 


RESET Delay Time (External Capacitance = 1 F) 





1 


jo) 


tRHL 0 


INT Zero-Crossing Detection Input Frequency fINT 
(for +5° Accuracy) 


External Clock Input Duty Cycle (EXTAL) 
Oscillator Startup Time Crystal 

SPICL High Time 

SPICL Low Time 

SPICL Rise and Fall Time 

SPID Input Data Setup Time 

SPID Input Data Hold Time 

SPICL to SPISS Lag Time 

SPISS to SPICL Lead Time 

Start Bit to First Clock Lead Time 


0.03 


| 40 
eee 
=a 
| 4 
= 
4 
1 


kHz 


=) 


on 
=) 
3 


su 0 


tSPICLH 
tSPICHL 
Sr tSf 
tSDS 
tSDH 
tsstG 
tSSLD 
tSTL 
tPCT 
tTPB 
UNTL 


Cc 







i?) 






oma Load =~ 
G. 
QO P16 ie) 


a ee ere 


External Timer Input to Timer Change Time 





Timer Change to Port B Toggle Time 
INT2 to Timer A Load Time 





+ 
OQ 
oO 





tcyc 





A/D CONVERTER CHARACTERISTICS 
(Vcc = + 5.25 Vde +0.5 Vdc, Vgs =0 Vdc, Ta=TL to Ty), unless otherwise noted 


Characteristic 
Quantizing Error 
Monotonicity (Inherent within total error) 
Analog Input Voltage 


| Min 
PResonton | 
ae 
Conversion Range 
[SampleTime | 8] 
oe I ee 
ind 




















Comments 


After removing zero-offset and full-scale errors 


A/D accuracy may decrease proportionately as 
VRH-VRL Is reduced below 4.0 V. The sum of 
VRH and Vr, must not exceed Vcc 


Bits 
LSB 
LSB 
V 












Typ 
30 


Ww 
So 


< It | + 
as —_ | =o 
2) 1S 


i= 


teyc Includes sampling time 





C 
5 


2 


Sample/Hold Capacitance, Input 


Transients on any analog lines are not allowed 
at any time during sampling or accuracy may 
be degraded 
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PORT ELECTRICAL CHARACTERISTICS 
(Vcc = + 5.25 Vde +0.5 Vdc, Vgg =0 Vdc, TA=T| to Ty, unless otherwise noted) 


Characteristic | symbot | Min | Typ | 
FOuputlow Vehogega=témA dT TO SO dT 
[Output High Votape,luoad=—100uA——~—=S«dtSCVw | ae | | dP 
Output High Voltage, Itoad=-10wA | Von | Mec-00 | | 
Input High Voltage, oad=~300pAtmax) | | 20 | | cot? |v | 

See ee ee 


Input Low Voltage, ILoad= — 500 »A (max.) tl Vss 
Hi-Z State Input Current (Vjn = 2.0 V to Vcc) — 306 
Ca CT AR CS TE CIN Ee a 
Port B 
Output Low Voltage Load=32mA | | | 
Output Low Voltage, tLoad=10matsinkh | Von | OO | Oto 
[Ou Hioh Vonage boss -200n8 «dow | ae | ef i 
Darlington Current Drive (Source)*, VQ =1.5 V aS ae ee 
HIZ State Input Current Smee Tae Sa Ta 


Port C and Port A with CMOS Drive Disabled 













<i!<cj<ci< 









‘| BE 


Output Low Voltage, ILoaq=1.6 mA 


Output High Voltage, !Load= — 100 HA ee 
input High Voltage Sov {| 20) | = | vcctor | 
input Low Voltage | ove | vss | = | oe 
Hi-Z State Input Current Pos | = | <2 | wo | wa 
Port D (Digital Inputs Only) 
InputHigh voltage | || | ctor | 
_InputlowVolage | CTs | | 
input Current™® tin SP et tt 


*Not applicable if programmed to open-drain state. 
**PD4/VRi — PD5/VRy: 
The A/D conversion resistor (15 kQ typical) is connected internally between these two lines, impacting their use as digital inputs 
in some applications. 


< 





< 


We 
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ORDERING INFORMATION 


The following information is required when ordering a 


custom MCU. The information may be transmitted to Mo- — 


torola in the following media: 

MDOS, disk file 

MS-DOS/PC-DOS disk file 

EPROM(s) 2532, 2732, or two each: 2516/2716 
To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS® or MS™-DOS/ 
PC-DOS disk file), programmed with the customer's pro- 
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis- 
kette should be clearly labeled with the customer's name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 
MDOS is Motorola’s Disk Operating System available 


on the EXORciser® development system. The disk media | 


submitted must be a single-side, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in- 
cluding those in the user space, must be set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft’s Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola’s S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


An MC68705S3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer’s program 
(positive logic sense for address and data), may be sub- 
mitted for pattern generation. Since all program and data 
space information will fit on one MC68705S3/2532/2732 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


or two 2516/2716 type EPROM(s), the EPROM(s) must be 
programmed as described in the following paragraph. 

For the 2532 or 2732, the ROM code should be located 
from $080 to $FF and $9CO to $EFF, and the interrupt 
vectors from $FF8 to $FFF. For the 2516s or 2716s, the 
ROM code should be located from $080 to $FF in the first 
EPROM and from $!CO to $6EF in the second EPROM. The 
interrupt vectors should be in the second EPROM from 
$7F8 to $7FF. | 

EPROM MARKING 














x 
x< 
=< 
=< 
~< 





2ND 
2516/2716 


CO 
co 
aw 
Ym > 
= Oo 
oS 
Ln 
N 


& 
S 

jo 

A 2532/2732 
Qo 





xxx = CUSTOMER ID 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer’s mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 


ROM 

Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
at five volts and at room temperature. These RVUs are 
free with the minimum order quantity but are not pro- 
duction parts. These RVUs are not guaranteed by Mo- 
torola Quality Assurance. 


ORDERING INFORMATION 


The following table provides generic information per- 
taining to the package type, temperature, and MC order 
numbers for the MC6805S2. 


Table 5. Generic Information 


Package Type 


Plastic 0°C to 70°C 
(P Suffix) —40°C to + 85°C 






Order Number 


MC6805S2P 
MC6805S2CP 








IBM is a registered trademark of International Business Machines. Corporation. 
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MECHANICAL DATA 


PIN ASSIGNMENT 


Vss U1 @ NUM* 
PRESCALER1/PCO [Ff 2 EXTAL 
PRESCALER2/PC1 [J 3 XTAL 

VsTBy/AN4/INT2/PD6 [J 4 INT1 
VrH/PD5 Lf 5 Vob 
Va_/PD4 YU 6 RESET 
AN3/PD3 UJ 7 PA7 
AN2/PD2 UY 8 PA6 
AN1/PD1 Y 9 PA5 
ANO/PDO PA4 

SPISS/PBO PAS 
SPICL/PB1 PA2 
SPID/PB2 PAI 
SPID/PB3 PAO 





NOTE: *Denotes Non User Mode (NUM) pin 
reserved for factory use only. 
This pin should be tied to Vss 
(GND/ground). 
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Technical Summary 
8-Bit Microcontroller Unit 


The MC6805S3 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of micro- 
controllers. This low cost MCU has parallel I/O capability with pins programmable as either input or 
output. This publication contains condensed information on the MCU; for detailed information, re- 
fer to Advance Information 8-Bit Microcontrollers (ADI997R1) or contact your local Motorola sales 
office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 


@ Internal 7-Bit Timer and 15-Bit Programmable Prescaler 
On-chip Oscillator 

Memory Mapped |/O 

Versatile Interrupt Handling 

Bit Manipulation 

Bit Test and Branch Instruction 

Vectored Interrupts 


Self-Check Mode 

3720 Bytes of ROM 

104 Bytes of RAM 

Serial Peripheral Interface (SPI) 
Two 8-Bit and One 16-Bit Timers 
A/D Converter 





BLOCK DIAGRAM 


PRESCALER1/PCO PRESCALER2/PC1 


XTAL © ne 1 TIMER A |PRESCALER 1 PORT C TIMER C | CAPTURE 
EXTAL O 2 TIMER A CONTROL | DDR | TIMER C CONTROL 
REGISTER REGISTER 


MISCELLANEOUS 


PAO © REGISTER 
PA1 O 
P 
Be + 0 AUXILIARY COUNTER oe 
PA3 Oo R ACCUMULATOR PROGRAM ——O Vss 
I COUNTER 







PA4 © INDEX REGISTER 
PA5 © A CONDITION CODE 
PAB oO REGISTER 

any | STACK POINTER | POINTER 


LOW A/D CONVERTER 


O ANO/PDO 
O ANI/PAI 


PROGRAM 
COUNTER ae 
HIGH 
. fe 
a) O AN3/ 
iNT1 © tS oie 
O VRH 
Se al a 
fe Mee eb ANA) 


PORT D VSTBY 


RAM 
SPI DATA PORT B 248 x 8 3720 x 8 


O e e O 
PBO PBI PB2 PB3 
SPISS SPICL SPID  SPID 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc and Vss 

Power is supplied to the microcontroller using these 
two pins. Vcc is + 5.25 volts (+0.5A) power, and Vss¢ is 
ground. 


NUM 


This pin is for factory use only. It should be connected 
to Vss. 


INT1, INT2 


These pins provide the capability for asynchronously 
applying an external interrupt to the MCU. Refer to IN- 
TERRUPTS for more detailed information. 


XTAL, EXTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending on user selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 


RC Oscillator 
With this option, a resistor/capacitor combination is 
connected to the oscillator pins as shown in Figure 1(c). 


The relationship between R and fgsc is shown in Figure 
2. 


EXTAL Ly Rs XTAL 


At-CUT PARALLEL RESONANCE 
CRYSTAL 

Co=7 pF MAX. 

FREQ. = 4.0 MH2(« Cy = 24 pF 
Rs = 40 OHMS MAX. 











EXTERNAL =& aay 

CLOCK =~ 

INPUT 27) EXTAL EITHER CRYSTAL 
OR RC MASK 


(TTL COMPATIBLE, 
LOW IMPEDANCE 
SOURCE) 


OPTION 


EXTERNAL CLOCK 


APPROXIMATELY 10% to 25% 
ACCURACY 

EXTERNAL RESISTOR 

(EXCLUDES RESISTOR TOLERANCE) 





= 
= 
B 
a 
3 
© 
o 
Ke 
| 
8 
oO 
RESISTANCE (ki?) 
Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 
Crystal 


The circuit shown in Figure 1(b) is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. 


External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input grounded, as shown in Figure 1(d). 






MCU 
27} eytay (CRYSTAL MASK 
OPTION 


(SEE NOTE) G5 









CRYSTAL 







XTAL 





MCU 
(RESISTOR MASK EXTAL (RESISTOR MASK 
OPTION) OPTION) 





APPROXIMATELY 25% to 50% 
ACCURACY 


EXTERNAL JUMPER 


NOTE: The recommended C, value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. For crystal 
frequencies other than 4 MHz, the total capacitance on each pin should be scaled as the inverse of the frequency ratio. For 
example, with 2 MHz crystal, use approximately 50 pF on EXTAL and approximately 50 pF on XTAL. The exact value depends 


on the motional-arm parametes of the crystal used. 


Figure 1. Oscillator Connections 
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This option may be used with either RC or XTAL option 
selected. 


PCO, PC1 


These pins allow an external input to be used to dec- 
rement the internal timer circuit. Refer to TIMERS for 
additional information. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PA0-PA7, PB0O-PB3, PCO-PC1, and 
PDO-PD6) 


Ports A, B, and C are programmable as either inputs 
or outputs under software control of the data direction 
registers. Port D is a fixed input port and not controlled 
by any data register. Port D has up to four analog inputs 
or five via the mask option, plus two voltage reference 
inputs when the analog-to-digital (A/D) converter is used 
(PD5/VRH, PD4/VR_,) and an INT2 input. If the analog input 
is used, then the voltage reference pins (PD5/VRH and 
PD4/VRL) must be used in the analog mode. Refer to 
PROGRAMMING for additional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). The port I/O programming is 
accomplished by writing the corresponding bit in the port 
DDR to a logic one for output and a logic zero for input. 




















DATA 
DIRECTION REGISTER 
BIT* 


LATCHED 
OUTPUT 
DATA 
BIT 


INTERNAL 
CONNECTIONS 


Data 













Direction Output 
Register Data Output To 
Bit Bit State MCU 
1 0 0 0 


1 1 1 1 
High-2** 


On reset, all DDRs are initialized to a logic zero state to 
put the ports in the input mode. The port output registers 
are not initialized on reset and should be written to before 
setting the DDR bits. 

Port D provides the multiplexed analog inputs, refer- 
ence voltages, and INT2. These lines are shared with the 
port D digital inputs. PDO-PD3 may always be used as 
digital or analog inputs. The Vp, and VRH lines are in- 
ternally connected by the A/D resistor. Analog inputs may 
be prescaled to attain the Vay and VRH recommended 
input voltage range. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). Refer to Figure 3 fo 
typical port circuitry. : 


PORT B TOGGLE CAPABILITY 


Port BO and B1 registers have toggle capability at the 
timer underflow times. Under the control of the timer 
output cross-couple bit in the miscellaneous register 
(MRO), the overflow pulses from timer A, B, and C are 
directed to port BO and B1 data registers. See Figure 4 
for port B configuration flow chart. 

An incoming toggle pulse on port BO is allowed to 
toggle the data register if port B DCR bit 4 (DCR4) is 
cleared. This bit is set on reset. An incoming toggle pulse 
on port B1 is allowed to toggle the port B1 data register 








*DDR is a write-only register and reads as all “ones”. 
**Ports A (with CMOS drive disabled), B, and C are three-state 


ports. Port A has optional internal pullup devices to provide 
CMOS drive capability. See Electrical Characteristics tables 


for complete information. 


Figure 3. Typical Port I/O Circuitry and Register Configuration 
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PORT B1 **TIMER OVERFLOW 








Se 
TOGGLE* OUTPUT OPEN 
ENABLE DRAIN BIT 






DCR B5 





BIT 
DDR B1 
OUTPUT 
MCU DATA LATCH 70 
BIT 
HT" 
INPUT 


REGISTER INPUT 
BIT > | BUFFER 
oe SYNCHR 
CLOCK ONIZATION 
DDR BI 


PBO 







MCU DDR x & 
\/ 


OUTPUT 








(SPICR5) 


WA 






CLOCK 
ARBITRATION 
LOGIC 


(SPICR1) 


PORT BO 
TOGGLE %* 


TIMER OVERFLOW [LL 





MCU ENABLE BIT 
DDR B4 e 
DDR x 


MCU BIT 
DDR BO 
OUTPUT 
MCU DATA LATCH OUTPUT 
BIT BUFFER 
1/0 
cane sete 


<< INPUT |NPUT 
REGISTER 
BIT BUFFER ‘ 


*Toggle Enable B1 = (SPICR7*SPICR4+(PBO - DDRBO}}*SPICR2:SPICR4)-CLAQ 
**A or B depends on (MRO) 
x Write Only Register 





MCU 





SPI 
MSB 


SPI 
MSB 


MCU 


MCU 


PORT B3 


OPEN DRAIN 
ENABLE BIT 


DCR B7 « 





DDR 
BIT 
DDR B3 xy 


, SP! OUTPUT STROBE*SPICR3 


MCU 
MCU 


MCU 


MCU 


MCU 
MCU 


OUTPUT 
DATA 
LATCH BIT 


PORT B2 (SPICR1) 
OPEN DRAIN 


ENABLE BIT 





OUTPUT DATA 


LATCH BIT 
< 





Figure 4. Port B Configuration 
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BUFFER 
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MC6805S3. 


under the following conditions governed by control bits 
in SPI control register and SPi clock arbitration flip-flop 
Status. 
PB1 toggle enable = (SPICR7)*SPICR4- 
(PBO + DDRBO) + SPICR2- 
SPICR4*CLAQ 
where: SPICR7= SPI interrupt request bit 
SPICR4= SPI operation enable bit 
SPICR2= port B1 toggle enable/start bit - 
CLAQ = clock arbitration flip-flop output 
When PB1 toggle enable is asserted, the MCU write to 
PB1 data register is inhibited. When SPI is not used, SPICR4 
and CLAO are reset. Therefore, SPICR2 can directly con- 
trol the port B1 toggle capability. Port toggle capability 
allows action on port BO or B1 or both as a result of timer 
overflows. This method speeds up timer overflow to port 


service. A write to port BO or B1 data registers is inhibited - 


while the individual port toggle enable is asserted. 

The port B DCR consists of four status bits (DCR4-DCR7) 
and four data direction bits (DCRO-DCR3). DCR4 is a tog- 
gle enable control bit for port BO. When cleared, the timer 
overflow pulse causes the data register on port BO to 


toggle. Port A has an 8-bit and port C has a 2-bit wide 


data direction register. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
5. The locations consist of user ROM, self-check ROM, 
user RAM, eight timer registers, a miscellaneous register, 
two A/D registers, two SPI registers, and I/O. The interrupt 
vectors are located from $FF8 to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 . 0 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 


may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 0 


PROGRAM COUNTER (PC) 


_ The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 


11 8 7 0 
PCH PCL 


STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


11 0 


5 4 
pofofofojoliji{ se 


CONDITION CODE REGISTER (CC) 

The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. 
Padi in| z|c | 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 

_When this bit is set, the timers (A, B, and C), the external 
(INT1 and INT2) interrupts, and the SPI interrupt are 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and is processed as soon as 
the interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic one). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 
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BYTES! 7 6 5 43 2 1 ADDRESS 7 65 4 3 2 1 [faDDRESS 















































of oa 
1/0, A/D, SPI, $001 
Timers, RAM 
(128 Bytes) $002 
$080 Port A DDR* $004 
Page 0 ROM Port B OCR* $005 
(128 Bytes) Port C DDR* $006 
sore 0 
se sr 
Timer A Cont. Reg. $009 
so 
Main ROM Timer B MSB $00B 
(3584 Bytes) 
en Timer B LSB $00C 
Timer B Cont. Reg.} $00D 
sn 
A/D Result SOOF 
3840 $FOO : 
Self-Check $010 
ROM 
(248 Bytes) Prog. Cont. Reg. $012 
4087 SFF7 Timer C Capture $013 
oO Externa 
~O cinema ame ears. 
Sx SFFC $018 $018 
5 SWI 
< SFFD User RAM 
= RAM (40 Bytes) 
SFFE (104 Bytes) 
Reset $03F 
4095 SFFF 


we Standby RAM * * $040 
(16 Bytes) SO04F 
User RAM $050 
(17 Bytes) $060 


$061 


Shared Stack RAM 
(31 Bytes) 


*Registers are write only and read as $FF. 


**Mask option $07F 





Figure 5. Memory Map 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


MISCELLANEOUS REGISTERS (MR) $0A 


This register contains control and status information 
related to INT2, auxiliary counter, prescalers 1 and 2, and 
timer overflow. 


wii_| MRO 


RESET: 
0 1 0 1 0 0 





MR7 — INT2 Interrupt Request Bit 
If not masked by MR6, it causes an interrupt to the 
MCU, and if the | bit in the CCR is clear, the MCU will 
acknowledge the interrupt. 
= Interrupt requested 
0=Interrupt not requested 
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MR6 — INT2 Interrupt Request Mask 
1= Inhibits INT2 interrupt request 
0=Does not inhibit INT2 interrupt request 
MR5 — Auxiliary Counter Status/Preset Bit 
If not masked by MR4, it will drive a switch to Vss on 
the RESET pin causing the MCU to reset. This bit may 
be used as an auxiliary counter preset bit. If MR5 is 
clear, a write of logic one will preset the auxiliary 
counter, and if set, a write of logic zero will preset the 
auxiliary counter. 
1= Auxiliary counter overflow 
0= Auxiliary counter clear 
MR4 — Watchdog Control Bit 
This bit cannot be set via software. The watchdog timer 
can only be disabled by reset. 
1= Watchdog timer disabled 
0 = Watchdog timer enabled 
MR3 — Prescaler 1 Clear Bit 
Presets the contents of prescaler 1 to $7F. 
1=Prescaler 1 preset 
O=Prescaler 1 not preset 
MR2 — Prescaler 2 Clear Bit 
Presets the contents of prescaler 2 to $7FFF. 
1=Prescaler 2 preset 
O=Prescaler 2 not preset 
MR1 — Prescaler Cross-Couple Bit 
This bit controls the output of prescalers 1 and 2 and 











oOo wo mn DD OH FSF WH HR —- 


directs them to either timer A or B clock inputs. 
1=Prescaler 1 feeds timer B clock input, and pres- 
caler 2 feeds timer A input 
0=Prescaler 1 output is used as clock input for timer 
A, and prescaler 2 output is used as clock input 
for timer B 
MRO — Port B Toggle Cross-Couple Bit 
This bit controls the overflow pulses of timers A and 
B and directs them to either port BO or B1. 
1=Timer A overflow output is directed to port BO, 
and timer B output is directed to port B1 
0 = Overflow output pulse of timer A is used as a port 
B1 data register toggle clock source, and timer B 
overflow output pulse is directed to port BO toggle 
clock input 


SELF CHECK 


The self check is initiated by connecting the MCU as 
shown in Figure 6 and: then monitoring the output of port 
C (bit 0) for an oscillation of approximately 7 Hz. The self- 
check program exercises the CPU, I/O, RAM, ROM, timers, 
interrupts, analog-to-digital (A/D) converter, and the aux- 
iliary counter. 

The RAM, ROM, and 4-channel A/D test can be called 
by a user program. The timer test may be called if the 
timer input is the internal clock. 


SN74LS197 
4 10 3 





R1=6 kQ 
R2=3 kO 
R3= 200 0 
R4 = 390 
C1=22 pF 
C2=1 pF 
C3=0.1 F 


*RC Oscillator Option Shown. If Q0-Q2 LEDs Blinking = Device Passes Test 
Q3 Blinking = Watchdog Reset Problem 


Figure 6. Self-Check Connections 
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RESETS 


The MCU can be reset four ways: (1) by initial power- 
up; (2) by the external reset input (RESET); (3) by a forced 
reset generated by the “watchdog” counter; and (4) by 
an optional internal low voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
line logic level. Figure 7 shows the MCU reset circuit. 


POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRH, milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure 8) typically provides sufficient 
delay. 








EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 





3-10 kQ 


INTERNAL 
RESET 


LOW-VOLTAGE 
INHIBIT 
CIRCUIT 


220 kQ 
EYE. 


=o Ee 


(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES — to provide an internal reset voltage. 


FORCED RESET 


If the auxiliary counter reset mask bit in the miscella- 
neous counter (MR4) is cleared and the auxiliary counter 
status bit (MR5) is set, as a result of counter overflow, a 
switch to Vss is turned on pulling the RESET pin low. A 
consequent voltage drop below Vir—ES — on RESET causes 
a reset, which in turn sets MR4. Switching to Vss when 
the RESET pin is turned off allows voltage to rise above 
VIRES+, after which the reset is released. RESET pin 
voltage variation occurring as aresult of forced reset may 
be amplified externally in order to provide a reset to other 
peripheral circuits in the system. The reset output from 
the MCU is not TTL compatible. 














LOW-VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
certain level (Vi vj). The only requirement is that the Vcc 
must remain at or below the V_y| threshold for one teyc¢ 
minimum. 

In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc- The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VL\yR) at 
which time a normal power-on reset occurs. 













1 uF TYP.** 










STRONG **OPTION-100 ms DELAY 
DISCHARGE TYPICAL DURING POWER UP 
DEVICE 









*MASK OPTION 


MISCELLANEOUS REGISTER 


Figure 7. Reset Circuit 


MOTOROLA MICROPROCESSOR DATA | 
3-509 





MC6805S3 


INTERRUPTS 


The MCU can be interrupted seven different ways: 
through the external interrupt INT1 input pin, with the 
internal timer (either A or B) interrupt request, using the 
software interrupt instruction (SWI), SPI interrupt re- 
quest, external port D bit 6 (INT2) input pin, or at reset. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 9. | 








Y eee Comes Sg es ee a | PULL 


a CONDITION 
CODE REGISTER 
ACCUMULATOR 


~ — . INDEX REGISTER 


141 by « PCH* 


PUSH 


*For subroutine calls, only PCH and PCL are stacked. 













n+ 


n+2 


Ss 
w 


n+3 


= 
i 
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n+4 


= 
— 
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Figure 9. Interrupt Stacking Order 


Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted, but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(| bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 10 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


Each interrupt, except INT1, has a separate mask bit 
which must also be cleared, in addition to the | bit, for 
the MCU to acknowledge the interrupt. The INT2, timer 
A, timer B, timer C, and SPI interrupts each have their 
own independent mask bits contained in MR6, TACR6, 
TBCR6, TCOM, TCCM, and SPICR6. The interrupt routine 


must determine the source of the interrupt by examining 
the interrupt request bits, TACR7, TBCR7, MR7, TCOF, 
TCCF, and SPICR7. These bits must be cleared by soft- 
ware. The INT1 interrupt has its own vector address. 
Therefore, the INT1 interrupt request is cleared auto- 
matically, and then the INT1 vector is serviced. 





EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT1 and INT2. Clear- 
ing the | bit enables the external interrupt. The INT2 in- 
terrupt has an interrupt request bit (bit 7) and a mask bit 
(bit 6) in the miscellaneous register (MR). The INT2 in- 
terrupt is inhibited when the mask bit is set. The INT2 is 
always read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to proc- 





-ess an interrupt when the condition code | bit is clear. 


The following paragraphs describe two typical external 
interrupt circuits. 


Zero-Crossing Interrupt 


A sinusoidal input signal (fj 71 Maximum) can be used 
to generate an external interrupt (see Figure 11a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 


Digital-Signal Interrupt 


With this type of circuit (Figure 11b), the INT1 pin can 
be driven by a digital signal. The maximum frequency of 
a signal that can be recognized by the TIMER or INT1 pin 
logic is dependent on the parameter labeled twL, tWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMERS 


The MCU has four timers and two programmable pres- 
calers. The timers are identified as timer A, B, C, and the 
auxiliary counter. Refer to Figure 12 for timers A, B, and 
C block diagram. The following paragraphs described the 
different timers. 


TIMER A 


Timer A is an 8-bit programmable counter, which can 
be loaded under program control. Timer A also includes 
a modulus latch which allows the timer to be ‘‘auto-re- 
loaded.”’ As clock inputs are received, timer A decrements 
toward $00. When $00 is reached, bit 7 in the timer A 
control register is set and the timer is reloaded with the 
contents of the modulus latch. An overflow condition is 
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Figure 10. Reset and Interrupt Processing Flowchart 
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Figure 11. Typical Interrupt Circuits (INT1) 
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‘Figure 12. Timers A, B, and C Block Diagram 


also generated when value $00 is reached. This state.can 
be used to toggle bit 0 or bit 1 of port B directly under 
the control of the miscellaneous register (MRO), the SPI 
control register, and the port B data direction register. 
Setting TACR6 or the | bit in the condition control register 
will prevent timer interrupts from being processed. The 
timer interrupt request bit WUST be cleared by software. 
There are three ways of loading data from the modulus 
latch into timer A as described in the following paragrahs. 


Direct Loading 


When the MCU writes to timer A data register, the data 
is latched by the modulus latch, and forced into the timer. 
This operation requires that TACR3 be cleared. 


Asynchronous External Event Loading 


When TACR3 is a logic one, the contents of the mod- 
ulus latch are transferred to the timer at the rising edge 


of INT2 interrupt request bit (MR7) gated with interrupt 
request mask bit (MR6). If this loading is used, care must 
be taken in programming as it will start an interrupt serv- 
ice routine if the | bit in the CCR is clear. Loading $00 to 
timer A allows a countdown of 256 clocks before the next 
$00 state is reached. 


Auto-Loading 


The modulus latch is automatically loaded when the ~ 
timer reaches $00. This loading is dependent on the set- 
ting of TACR3. Auto-loading also occurs in both the pre- 
vious loading modes. Timer A can be read at any time 


_ without affecting the countdown of the timer. The timer 


and modulus latch are set to $FF on reset. 


NOTE 


Loading $01 to timer A should be avoided when 
operating with a divide-by-one prescaler. Doing so 
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will inhibit timer A auto-loading, interrupt genera- 
tion, and port B toggle mechanisms. 


TIMER A CONTROL REGISTER $09 


7 6 5 4 3 2 1 0 
TACR7 | TACR6 | TACRS | TACR4 | TACR3 | TACR2 | TACR1 | TACRO 


RESET: 
0 1 0 0 0 0 0 0 


TACR7 — Timer A Interrupt Request Flag 
1=Timer A has transition to $00 
0= Software or reset cleared 
TACR6 — Timer A Interrupt Request Mask 
1=Interrupt request inhibited 
0 = Interrupt request not inhibited 
TACR5 — External or Internal Bit 
1= External clock source for prescaler 1 
0 = Internal clock source for prescaler 1 
TACR4 — External Enable Bit 
Control bit used to enable the external timer pin 
(PRESCALER1/PCO). 


TACRS5 TACR4 Prescaler 1 Clock Source 
Internal Clock 


AND Internal Clock nd 
B eCeRIER ECO 


oa ie er ae 
fie 
Idol asad 







PRESCALER1/PCO* Low-to-High Tran- 
sition 


*The status of PRESCALER1/PCO depends upon the data direc- 
tion status of PRESCALER1/PCO. If PRESCALER1/PCO is an out- 
put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic level of PRESCALER1/PCO. 


TACR3 — Timer A Load Mode Control! ana 
1= Asynchronous external event loading (INT2 dri- 
ven loading is enabled) 
0=Allows direct loading of timer A 
TACR2, TACR1, TACRO — Prescaler 1 Division Ratio Con- 
trol Bits 
When set, these bits select one of eight possible out- 
puts on prescaler 1. 


TACR2 TACR1 TACRO Divide a 





TIMER B 


This is a 16-bit timer which is accessed via two registers 
($0B for the most-significant byte (MSB) and $0C for the 
least-significant byte (LSB)). The MSB has a “pipeline” 
latch that allows a “snap shot” value of the entire 16 bits 


to be read. Read/write operations to the LSB are direct. 
The LSB can be read at anytime without disturbing the 
count. When the LSB is read, the contents of the MSB 
are loaded into the pipeline latch so a read of the MSB 
is actually the contents of the latch. 

When writing to the LSB, the contents are immediately 
entered into the timer. At the same time the pipeline 
contents are forced into the MSB of the timer. This allows 
a 16-bit word to be placed into the timer data register 
during a LSB write operation. An underflow condition is 
also generated when value $00 is reached. This state can 
be used to toggle bit-0 or bit 1 of port B directly under 
the contro! of the miscellaneous register (MRO), the SPI 
control register, and the port B data direction register. 
Setting TBCR6 or the | bit in the condition control register 
will prevent timer interrupts from being processed. The 
timer interrupt request bit WUST be cleared by software. 


TIMER B CONTROL AND STATUS REGISTER $0D 


7 6 5 4 3 2 1 0 
TBCR7 | TBCR6 | TBCR5 | TBCR4 | TBCR3 | TBCR2 | TBCR1 | TBCRO 


RESET: 
0 1 0 0 0 0 0 0 


TBCR7 — Timer B Interrupt Request Flag 
1=Timer B has transition to $00 
0 = Software or reset cleared 
TBCR6 — Timer B Interrupt Request Mask ~ 
1= Interrupt request inhibited 
0 =Interrupt request not inhibited 
TBCR5 — External or Internal Bit 
1 = External clock source for prescaler 2 
0= Internal clock source for prescaler 2 
TBCR4 — External Enable Bit 
Control bit used to enable the external timer. pin 
(PRESCALER2/PC1). 





Prescaler 2 Clock Source 





— Internal Clock 


AND of- Internal Clock and 


PRESCALER2/PC1* 


| 2 Inputs Disabled 
PRESCALER2/PC1* Low-to- pec Tran= 
sition 
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TIMER C . 


Timer C is an 8-bit programmable down counter. The 
timer contains a modulus latch which allows the timer to 
be auto reloaded. The timer auto reloads with the con- 
tents of the modulus !atch upon every $01 to $00 tran- 
sition. Timer C contains a capture register. This read-only 
register and the contents are refreshed by the contents 
of the data register during the capture instance. The timer 
can be written to at any time, and the contents of both 
the data register and modulus latch are updated imme- 
diately. The timer is set to $FF on reset, but the contents 
of the capture register are not valid until the first capture 
after reset. 


TIMER C CONTROL REGISTER $015 


] 6 5 4 3 y) 1 0 


RESET: 
0 1 0 0. 0 0 0 0 


TCOF — Timer C Overflow Flag 
1=Timer C has transition to $00 
0 = Software or reset cleared 
TCOM — Timer C Interrupt Mask 
1=Interrupt request inhibited 
0=Interrupt request not inhibited 
TCCF — Timer C Capture Flag 
1=Proper capture occurred on PRESCALER1 or 
PRESCALER2. No new capture occurs when set 
0 = Software or reset cleared 
TCCM — Timer C Capture Interrupt Request Mask 
1=Inhibits interrupt request generated from TCCF 
0= Does not inhibit interrupt request generated from 
TCCF 
TCEG — Timer C Capture Edge Select 
1=Selects rising edge of PCOor PC1 to be capture 
instance | 
0=Selects falling edge of PCO or PC1 to be capture 
instance 
TCCS — Timer C Capture Source Select 
1=Select PRESCALER2/PC1 as capture source 
0=Select PRESCALER1/PCO as capture source 


TCCL1 and TCCLO — Timer C Clock Source Select 
Clock source selection is defined below. = 


| 0 [internal Clock] | __0 | internal Clock _ 
| 0 internal Clock _| 
| 0 {internal Clock _| 


1. *Denotes prescaler 1 or 2 clock source depending on mis- 
cellaneous register bit 1 (MR1) status. 
2. MR1 bit cleared (logic zero) at reset: 
Prescaler 1 clock selected to timer A 
Prescaler 2 clock selected to timer B and C 
3. MR1 bit set (logic one): 
Prescaler 1 clock selected to timer B and C 
Prescaler 2 clock selected to timer A 
4. Prescaler 1 output determined by the status of Timer A 
control register bits 2, 1, and 0 (TACR2, TACR1, and TACRO) 
5. Prescaler 2 output determined by the status of Timer B 
control register bits 3, 2, 1, and 0 (TBCR3, TBCR2, TBCR1, 
and TBCRO) | : 















PRESCALER 1 


Prescaler 1 is a 7-bit binary down counter whose value 
is selected by TACR2, TACR1, and TACRO. The selected 
output is used as the clock input:to either timer A or B, 
depending upon the status of the prescaler cross-couple 
bit (MR1). The type of clock source to prescaler 1 may be 
selected by TACR5 and TACR4. Prescaler 1 is set to $7F 
at reset or under program control when a one is written 
to prescaler 1 clear bit (MR3). 


PRESCALER 2 


Prescaler 2 is a 15-bit down counter; its value is se- 
lected by TBCR3, TBCR2, TBCR1, and TBCRO. The se- 
lected output is used as the clock input to either timer A 
or B, depending upon the status of the prescaler cross- 
couple bit (MR1). The type of clock source to prescaler 2 
may be selected by TBCR5 and TBCR4. Prescaler 2 is set 
to $7FFF at reset or under program control when a one 
is written to prescaler 2 clear bit (MR2). 


AUXILIARY COUNTER 


This register is a fixed counter which is clocked by the 
internal clock (fgs¢ divided by four). Total count period 
is 4095 cycles. The MCU communicates with this counter 
via the miscellaneous register (MR5 and MR4). Count- 
down may be aborted at any time under program control, 
which also resets the counter to 4095 and clears MR85. 
When MR4 is clear and MR5 is set as a result of counter 
time out, the reset pin is internally pulled to ground. If 
the MCU loses control of the program, the “watchdog” 
timer will bring the MCU back to reset. Refer to Figure 
13 for counter operation diagram. 


SERIAL PERIPHERAL INTERFACE 


The serial peripheral interface (SPI) has arbitration on 
the data and clock lines. The SP! communicates with the 
MCU via data and control registers. The SPI data and 
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Figure 13. Auxiliary Counter Operation 


clock inputs are always taken from their respective |/O SPI CONTROL AND STATUS REGISTER 
ports, regardless of the status of the data direction reg- 


isters relative to that port. The SPI can operate in modes This 8-bit register contains the status and control bits 
from auto clocked (NRZ), half duplex, and full duplex with relative to SPI operations. The SPI control register op- 
from a one to a four wire combination. Refer to Figure eration is shown in Figure 15. The SPI control and status 
14 for the SPI block diagram. register bits can be set or cleared under program control. 
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7 6 5 4 3 2 1 0 
SPICR7 | SPICR6 | SPICR5 | SPICR4 | SPICR3 | SPICR2 | SPICR1 | SPICRO 


RESET: 
0 1 0 0 0 0 0 0 


SPICR7 — SPI Interrupt Request Bit 
Set on eighth data input strobe. MCU services this in- 
terrupt if | bit is clear in CCR. 
1=Interrupt request (if SPICR6 not masked) 
O=No interrupt pending 
SPICR6 — SPI Interrupt Request Mask Bit 
1 = Disables interrupt request from SPICR7 
0=Enables interrupt request from SPICR7 
SPICR5 — SPI Clock Sense Bit/Bus-Busy Flag 
Dual-function bit controlled by the status of SPICR4. 
1= Start SPI operation when SPICR4=1. Input data 
latched on positive edge and output data changed 
on negative edge of SP! clock when SPICR4=0. 
O=Stop SPI operation when SPICR4=1. Input data 
latched on negative edge and output data changed 
on positive edge of SPI clock when SPICR4=0. 
SPICR4 — SPI Operation Enable Bit 
This bit determines the functions of SPICR5 and SPICR2. 
1=Enables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 
0 = Disables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 
SPICR3 — SPI Data Output Select Bit 
1= Output of the SPI data register is loaded to port 
B3 data register at the appropriate SPI clock edge 
selected by SPICR5, during the active transaction 
mode 






INTERRUPT 
REQUEST 
TO CPU 


~~ 


DATA REGISTER 


TO PB3 MSB 
DATA REGISTER 
TO PB2 ¥ 


SPI DATA REGISTER 


0=Output of the SPI data register is loaded to port 
B2 data register at the appropriate SPI clock edge 
selected by SPICR5, during the active transaction 
mode 
SPICR2 — Mode Fault Flag 
Dual-function bit controlled by the status of SPICR4. 
1= Start bit is set by negative transition of the data 
input of the SPI data shift register while the clock 
is at the idle level when SPICR4= 1. Start bit set 
under program control to enable port B71 data reg- 
ister toggle facility when SPICR4 = 0. 
0= Stop SPi operation when SPICR4 = 1. Cleared un- 
der program control when SPICR4 =0. 
SPICR1 — Mode Fault Flag 
1=(a) Mode flag is set when SP! data output arbi- 
tration occurs on the SPI data output port (PB3 
or PB2) selected by SPICR3. The MCU loses 
data mastership, and the SPI data output port 
DDR is cleared. 

(b) Mode flag is set if a low level is detected on 
slave input PBO. Then, the MCU loses clock 
mastership switching to the clock slave mode, 
and port B1 DDR Is cleared. 

(c) Mode flag is set during the idle mode when a 
negative clock edge is detected on the SPI clock 
input, and the port B1 data register is cleared. 

0=Cleared under program control 
SPICRO — SPI Input Data Select Bit 
1=SPI data from port B3 is latched into the SPI data 
register 
0 = SPI data from port B2 is routed to the input of the 
SPI data register 


$11 


SEY: 


a PBO PIN 
DDRBO 


SPIRO 
A FROM 
PB3 PIN 
UO 
; 4 FROM 
PB2 PIN 


Figure 15. SPI Control Register Operation 
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SPI DATA REGISTER 


This register can be written to any time and can also 
be read, regardless of serial operations, without disturb- 
ing the data. A one bit shift to the left occurs each time 
there is a data input strobe while the LSB is loaded with 
data from port B2 or B3. The MSB is loaded every time 
there is data output strobe. Data input and output strobes 
are generated internally only during the active transac- 
tion time. . 


SPI DIVIDE-BY-EIGHT COUNTER | 
The counter is cleared during SPI deselect or idle modes. 


A count occurs at every data input strobe during the ac- . 


tive transaction mode. At overflow, SPICR7 is set which 
puts the SPI in idle mode and blocks all data input and 
output strobes. The counter is cleared when PBO is high 
if the SPI is in the slave mode or when a “‘start’”’ condition 
is detected. 


SP! OPERATION 


The SPI can operate in a variety of modes. Software 
assisted protocols may be defined to upgrade the hard- 
ware versatility and/or system performance of the MCU. 
Some features common to all operating modes are sum- 
marized in Table 1 and in the following paragraphs. 

1) SPI data input and output may be individually routed 
to or from PB2 or PB3 (Table 2). These four routings 
provide half and full duplex operations, as well as 
allowing bidirectional information to flow in daisy- 
chained systems. . 

When data input and output is done on PB2, PB3 
is available for any other use and vice versa. 
Data input is always relative to the port pin logic 
level regardless of the data direction register status 
on that pin. oo 
In full duplex operation, 16 bits of information may 
be transferred with eight clock pulses between at 
least two devices with transmit capability. Both PB2 
and PB3 are used for data transfer. The same shift 
register is used for data in and data out. The byte 
transmitted replaces the byte received. SPICR7 is 
used to signify that the I/O operation is complete. 
SPI clock is always provided on port B1. In the clock 
slave mode, port B1 DDR is in the input mode 
(cleared). In the clock master mode, port B1 DDR 
is set; therefore, the MCU imposes the clock level 
on PB1 until there is clock arbitration on the clock 
line or until the MCU loses clock mastership when 
PBO goes low. 
No fixed baud rate generation exists. The clock 
frequency is dependent on the prescaler clock 
source option, prescaler divide ratio, and timer di- 
vide ratio as well as the port C status in case of 
external clocking for the timer. Toggling of the port 
B1 data register is automatically allowed during 
the active transmission mode. 
All devices connected to the SPI must have their 
output and input data strobe on the same clock 
edge for correct transfer of data. 
During the active transmission mode, the first clock 
edge must be the output data strobe. When this 
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~~ 
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occurs, the MSBs of the data registers of all trans- 
mitters are copied onto the data output pins, and 
the MCU copies the MSB of its SPI onto the port 
B2 or B3 data register. 

Port B data direction registers and port B data con- 
trol registers are accessible during SPI operation. 
During active transaction mode, the PB1 data reg- 
ister, PB2 data register (if SPICR3=0), and PB3 (if 
SPICR3 = 1) are not write accessible under program 
control. 

10) Port B lines not used for SPI can be used for other 

digital functions. 


9 


— 


SELECT INPUT OPERATION 


An external device supplies slave select information 
via port BO. If slave select is not used, set port BO to output 
mode to inhibit slave select function. 

The following paragraphs describe clock master and 
clock slave operating modes of the SPI. 


Master Mode Slave Select Actions 


The MCU monitors slave select input in master mode 
to assure that it stays false. If slave select goes true, the 
MCU exits master mode and becomes a slave. This im- 
plies that a write collision has occurred which means two 
devices attempted to become masters. Write collisions 
normally result from a software error, and the default 
master must clean up the system. The mode fault flag is 
set to signal that clock mastership is lost. Slave select 
actions can take place during either active or idle trans- 
action modes. 


Slave Select Input Actions During Slave Mode 


The current clock master generates slave select to en- 
able one of several slaves to accept or return data. The 
SS signal must go low before serial clock pulses occur 
and must remain low until after the eighth serial clock 
cycle. Individual lines or a daisy chain can be used for 
multiple slaves. When SS is high, the following occur: 

@ Serial data output is forced to a high-impedance state 

without affecting the DDR status. 

@ Serial clock input pulses are inhibited from gener- 

ating internal data output and input strobe pulses. 

@ The eight-bit.counter is cleared. 


SP! OPERATING MODES 


Six methods of operating the SPI are discussed in the 
following paragraphs. 


One-Wire Autoclocked Mode 


Various SPI devices can be connected on a single wire, 
with data transmission using an implicit clock, and each 
device being its own clock master. 


Two-Wire Half-Duplex Mode 


In this mode, separate data and clock lines connect the 
elements in the system. Data and clock mastership should 
be monitored via protocol included in the data patterns. 
A transmitter can send all zeros to take all other trans- 
mitters off the bus. 
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Table 1. Summary of SPI Operations 


DEFINITIONS 
Transmitter — Data Master: DDRB2 or 3= 1 
Receiver — Data Slave: DDRB2 or 3=0 
Clock Master: DDRB1 = 1 
Clock Slave: DDRB1 =:0 
Transaction Mode: SPICR4= 1 
1) Active: SPICR7@(DDRBO@PBO + DDRBO) if DDRB1 =0 (clock slave mode) or 
SPICR7@(DDRBO@PBO + DDRBO) if DDRB1=1 (clock master mode) 
Clock Pulses allowed, data shifted 
2) Idle: SPICR7 + DDRBOePBO if DDRB1 = 0 (clock slave mode) 
Clock pulses blocked, data output line in high-impedance state 
Deselect Mode: SPICR4=0 — No SPI Operations 


SLAVE SELECT INPUT | 
Slave Select Input: SPISS — PBO 
If DDRBO=0 then so SPISS action on MCU 
1) Master Mode: SPISS=1 DDRB1=1 
SPISS 1-0: Switch to Slave Mode (DDRB1 1 - 0) 
Set SPICR1 (Mode Fault Flag) 
2) Slave Mode: SPISS=0 DDRB1=0 
External clock is allowed to shift data in/out. If SPISS is pulled high, the external clock input pulses are inhibited; 
no data shift; divide-by-eight counter cleared; SPID (PB2 or PB3) switched to high-impedance state. 
Used as Chip-Select Input 


DATA ARBITRATION 
Data master loses data mastership when data collision occurs during internal data strobe time. 



































If SPID output port (PB2 or PB3)=1 while actual pin level is pulled low externally — conflict detected at internal data strobe 
time. 


Then SPICR1 (mode fault flag) is set; SPID output port DDR (B2 or B3) 190 (high-impedance state). 


CLOCK ARBITRATION 
MCU has clock mastership (DDRB1 = 1) 
1) Via SPISS line (DDRBO = 0). If SPISS is pulled low, then clock mastership lost; DDRB1 1 0 (high-impedance state); SPICR1 
is set (mode fault flag). . 
2) Via clock line SPICL (DDRB1=1 and DCRB5 = 0) 
Condition: SPICL must have open-drain output (DCRB5 = 0) 





lf clock line is held low externally then clock mastership is not lost; minimum tc. and tc,K times are 
guaranteed. 


If SPICL goes low during idle mode then SPICR1=1 and clock line is switched low to inhibit the system 
clock. 


MODE FAULT FLAGE OPERATION (SPICR1) 
Flag set when any of the following conditions occur: 
Data arbitration occurs on SPID output. 
Clock arbitration with SPISS during master to slave switching. 
Clock arbitration via clock line if SPICL 190 during idle. 


START, STOP, AND CLOCK IDLE CONDITIONS 
Clock Idle: The clock level just prior to the transition that causes data on the serial output data line to be antes is defined 
as the SPI clock idle state. 
SPICR5=0: SPICL Idle = Low State 
SPICR5=1: SPICL Idle = High State 


ia 























ns | 





These definitions are necessary for determining start and stop conditions. 


NOTE 
Clock idle state can only be defined if SPICR4=0 (Deselect Mode) 





Start Condition: Any negative transition of the data input line (PB2 or PB3) during an SPICL idle state. 
Stop Condition: Any positive transition of the data input line during an SPICL idle state. 
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Table 2. Port B Status During SP! Operation 













PB3 SPID Yes 


Data 


Three-Wire Half-Duplex Mode with Slave Select Input 


This mode is the same as the half-duplex mode except 
that the slave select input allows using the MCU as a 
peripheral in a system where clock mastership is passed 
through the slave select line. Typically, the slave select 
lines can be wired together. The current master sets its 
slave select line in the output mode prior to a serial trans- 
mission and pulls it low to indicate that the system is 
busy. This allows the clock master to retain mastership 
until the end of transmission. Software protocol can be 
arranged so that slaves do not request mastership until 
their slave select lines go high. At the end of a transmis- 
sion, the current master pulls SPISS high and puts the 
SPISS port (PBO) in the input mode. A slave requesting 
clock mastership pulls the SPISS line low, removing the 
current master from the line. Time multiplexed protocols 
may be required to avoid simultaneous mastership re- 
quests. 











Three-Wire Full-Duplex Mode 


This mode allows the MCU to operate simultaneously 
as transmitter and receiver. Bus or daisy-chain networks 


SLAVE SELECT 
CLOCK 
DATA 


EXAMPLE: INFORMATION FLOW 


Port 

Name Use | Input Output Comments 

PBO > SPISS Yes No 
PBO Data No Yes 
PB1 SPICL Yes - No Clock slave 

PB1 SPICL No Yes Clock master 


PB2 SPID Yes 
PB2 SPID No Yes 
PB2 Data Yes Yes 


PB3 SPID No Yes 





Used as slave select input 
Used as “busy” signal or any digital 
output 







SPI data input SPICRO=0 
SPI data output SPICR3 =0 
Any digital signal SPICR3= 1 


SPI data input SPICRO= 1 
SPI data output SPICR3=1 
Any digital signal SPICR3 =0 






are feasible. Protocols in the data stream are required to 
change: 

@ Clock masters 

@ The number of transmitters in the system 

@ The direction of data flow in daisy-chained systems 

with collision 

It is possible for the MCU to shift out one byte of data 
while receiving another, as illustrated in Figure 16. This 
eliminates the need for XMIT EMPTY or REC FULL status 
bits. 


: Three-Wire Full-Duplex Mode with Clock Arbitration 


This mode is a mix of the three-wire full-duplex mode 
and two-wire half-duplex mode with clock arbitration, 
where the SPI clock line operates as a wire-or. Simulta- 
neous masters are allowed, and clock arbitration is via 
the clock line. 


Four-Wire Full-Duplex Mode with Slave-Select Input 

This mode is similar to the three-wire full-duplex mode 
in network construction and to the three-wire half-duplex 
mode with slave-select input in clock arbitration and slave 
selection. Refer to Figure 17. 





B2=SPID IN 
—- B3=SPIC OUT 


B2=SPID OUT 
B3 = SPID IN 


Figure 16. Daisy Chain/Cascade Organization 
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Figure 17. SPI Operation Bus Organization 


SPISS 


ANALOG-TO-DIGITAL CONVERTER 


The chip resident 8-bit analog-to-digital (A/D) converter 
uses a successive approximation technique as shown in 
Figure 18. Four external analog inputs can be connected 
to the A/D through a multiplexer via Port D. Four internal 
analog channels (VRH—VRL, VRH—VRL/2, VRH —- VRL/4, 
and VRL) may be selected for calibration. The accuracy 
of these internal channels may not meet the accuracy 
specifications of the external channels. 

A fifth external analog input (AN4) is available via mask 
option. When selected, it replaces the VRH internal chan- 
nel. Due to signal routing, the accuracy of this fifth chan- 
nel may be slightly less than ANO-AN3. 

Multiplexer selection is controlled by the A/D control 
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul- 
tiplexer selection. The ACR is shown in Figure 18. The 
converter uses 30 machine cycles to complete a conver- 
sion of a sampled analog input. When the conversion is 





: SPID:PB2/3 
HALF DUPLEX pes 
*HALF DUPLEX SPID:PD2/3 
WITH CLOCK ARBITRATION } SPICL:PBI 
SPID:PB2/3 
*HALF DUPLEX SPICL:PBI 
Voc WITH SLAVE SELECT SPISS:PBO 
SPID IN:PB2/3 
“FULL DUPLEX SPID QUT:PB3/2 
SPICL:PBI 
SPID IN:PB2/3 
*FULL DUPLEX SPID OUT:PB3/2 
WITH SLAVE SELECT SPICL:PB1 
SPISS:PBO 


complete, the digital value is placed in the A/D result 
register (ARR); the conversion flag is set; selected input 
is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input, which is heid internally, is sam- 
pled for five machine cycies. 


The converter uses VRH and Vp| as reference voltages. 
An input voltage equal to or greater than VRH converts 
to $FF. An input voltage equal to or less than VR_, but 
greater than Vss, converts to $00. Maximum and mini- 
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and be 
referenced to Vp, for the ratiometric conversion. To 
maintain full accuracy of the A/D, three requirements 
should be followed: (1) VRH should be equal to or less 
than Vcc, (2) VRL should be equal to or greater than VSs 
but less than maximum specifications, and (3) VRH — VRL 
should be equal to or greater than 4 volts. 


Table 3. A/D Input MUX Selection 

















— a aa — Ss 
| A/D Control Register A/D Output (Hex) 
Input Selected | ———7_—_—__—_ 
ACR2 | ACR1 |; ACRO Min Typ | Max 
0 0 0 ANO 
0 0 { AN1 
0 1 0 AN2 
0 1 1 AN3 
1 0 0 VRH** FES? 4 RPS) ERS 
1 0 1 VRL* 00 00 01 
1 1 0 VRH/4* 3F 40 4) 
1 1 1 VRH/2* 

















*Internal (calibration) levels 


| 7 [| 80 | 381 | 


**AN4 may replace the VRH calibration channel if selected via mask 


option. 
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15 k (TYP.) 


PD5/Vay 
PD4/Vpy 


PDO/ANO 
PDI/AN1 
PD2/AN2 
PD3/AN3 
INT2/PD6/AN4 





1-OF-8 
SELECT 
MULTIPLEXER 





A/D 
CONTROL 
REGISTER 

($00E) 


D/A | 3 
CONTROL 


COUNT 
7 LOGIC 
, as ee AE 7: 
EV VEL 
aay [oa joa [aay 
oO (a) (>) (a) 


0 


8 





RESULT 


REGISTER 
($00F) 


Figure 18. A/D Block Diagram 


The A/D has a built-in 1/2 LSB offset intended to reduce 
the magnitude of the quantizing error to + 1/2 LSB, rather 
than +0, —1 LSB with no offset.. This implies that, ig- 
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above VR,. Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VRy, ideally. 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 


Jation instructions. 

BRSET n(n=0... 7) 

~|BRCLRn(n=0...7) 
BSET n (n=0...7) 
BCLR n (n=0...7) 














Branch IFF Bit n is Set 
Branch IFF Bit n is Clear 
Set Bit n 













REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 


[Funeton ——([Mnemoni 




















Subtract Memory from A with Borrow 
AND Memory to A 


ana a 
Exclusive OR Memory with A 
Arithmetic Compare A with Memory 


Bit Test Memory with A (Logical Compare) 


Jump Unconditional 
JSR 


Jump to Subroutine 







READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
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value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


Increment 





Decrement 


Clear 

Complement 

Negate (2’s Complement) 
Rotate Left Thru Carry 
Rotate Right Thru Carry 
Logical Shift Left 

Logical Shift Right 
Arithmetic Shift Right 





Test for Negative or Zero 


BRANCH INSTRUCTIONS 
This set of instructions branches if a particular condi- 


a 
> 


Branch Always 
R 


Z 


Branch Never 


Branch IFF Higher 


iE 


Branch IFF Lower or Same L 


Branch IFF Carry Clear 


WM )w Ww |} ow 
oO ss) 
ANTS 











(Branch IFF Higher or Same) (BHS 
Branch IFF Carry Set BCS 
(Branch IFF Lower) (BLO) 
Branch IFF Not Equal BNE 
Branch IFF Equal BEQ 
Branch IFF Half Carry Clear BHCC 
Branch IFF Half Carry Set BHCS 
Branch IFF Plus BPL 
Branch IFF Minus BMI 
Branch IFF Interrupt Mask Bit is Clear BMC 


Branch IFF Interrupt Mask Bit is Set 


ve) 
a 
ioe) 


@ 


Branch IFF Interrupt Line is Low L 


Branch IFF Interrupt Line is High 


= 
= 


Branch to Subroutine BSR 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to contro! processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 






Fumetion | Mnermonie | 


Set Interrupt Mask Bit SEI 















Clear Interrupt Mask Bit 


Return from Subroutine 
Return from Interrupt 


No-Operation 






NOP 





OPCODE MAP SUMMARY 


Table 4 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere ih the mem- 
ory space. Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing Is also included. Two-byte direct- 
addressing instructions access all data bytes in most ap- 
plications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 
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Table 4. Opcode Map 

















































































































Bit Manipulation Branch ' 7 Read-Modify-Write 8 Control Register / Memo: 
BTB B REL DIR | INH INH x4 IX INH INH IMM | DIR [| EXT | 2 JT mx T EK 
coef et cae 3 4 | 5 6 a ae 9 A | 8B oF ae ae ee eee 
0001 0010 0011 0100 0101 0110 O11 1000 1001 1010 1011 1100 
6 4 14 6 - 9 4 ©) 4 
oe BBStIe BRA NEG NEG NEG NEG * NEG Pe RT SUB SUB SUB SUB SUB SUB fo | 
REL DIR | 1 INH | 1 INH | 2 x1 {1 ix 1 (NH IMM DIR XT 1X IX 1X Q000 
6- 2 4 5 6 5 4 
1 IBRCLRO "BCLRO ay, f RTS CMP CMP CMP CMP cMP | cMP = 
0001 2 1 INH j2- MM | 2 DIR | 3 EXT | 3 1x2 } 2 IX IX 1 
i- ies r- t 2 a 5 6 5 4 
2 (BRSET) "seri BHI | SBC SBC SBC SBC SBC SBC 2 
0010 REL t { ie {2 MM | 2 DIR | 3 _ EXT | 3 1X2 | 2 IxXt] 1 Ix 0010 
6 4 7 T6 11 2 4 ik 6 5 T4 
ak aie “BcLRI BLS COM | COMA COMX COM COM SW! CPX CPX CPX CPX CPX CPX 
0011 BSC REL | 2 DIR | 1 INH | 1 INH | 2 xt | ix | 1 INH | 2 MM | 2 DIR_ | 3 EXT | 3 IX2 } 2 ixXi {3 IX 0011 
6 4 4 ? re 2 4 i 6 5 4 
Pa, BRSET2 "BSET2 BCC LSR LSRA LSRX LSR LSR AND AND AND AND AND AND 
0100 BTB REL | 2 DIR] 1 INH | ] INH | 2 1X1 | iX 4 2 MM ri ; ] IX 0100 
2 4 
sii B L } IMM 1 Ix 0101 
4 6 ai +3 ; re ies oi 4 4 
| BSET3 BNE ROR RORA RORX ROR ROR | | LDA LDA LDA 
0710 REL | 2 DIR | 1 INH | 1 INH xt | “1x 2 IMM | 2 1 ix 
6 4 1-4 ie P Ts 
rt BRCLR3 "BCLR BEQ ASR ASRA | ASRX ASR ASR ; TAX STA STA 7 
0111 BTB REL | 2 DIR | 1 INH | 1 NH | 2 xt pd es ’ INH 2 1 IX 0111 
: 6 4 7 We 2 | 4 
BRSETS " BSETA * BHCC LSL LSLA LSLX LSL LSL . GEC EOR EOR EOR 8 
1000 REL | 2 OIR | 1 iNH | 3 NH | 2 Mpa. ec INH | 2 IMM | 2 1 ix 1000 
cane 4 4 7 6 1 ? 14 
ra BRCLRA “BCLAS " BHCS ROL ROLA ROLX j ROL ROL i SEC ADC ADC ADC © 9 
REL | 2 Din | 1 INH | 1 NH | 2 xt [4 1X 1 INH | 2 IMM | 2 1 Ix 1001 
ees a a t 4 +4 sae e: vi T? t 14 
‘BRSETS " BSETS BPL DEC DECA DECX DEC DEC CLI ORA ORA ORA 
hae REL | 2 DIR | 1 INH | 1 NH | 2 xt ft 1X i 1 INH | 2 IMM | 2 j IX 1010 
‘% 12 3 4 
ae ape eet “BLAS = | | | SEI ADD ADD ADD 
1011 EL 1 INH | 2 IMM | 2 1 Ix 1011 
6 TA [a 19 1 2 et ese 
ek OES "BETS. BMC INC INCA INCX INC INC RSP JMP JMP C 
1100 REL | 2 pir | 1 INH {| 1 INH | 2 Le eee 7 i INH | 2 ie} Ix 1100 
6 4 ae. 7 6 7 8 5 
a BRCLR6 "BCLAG BMS TST TSTA ~ TSTX TST TST NOP BSR JSR JSR 
1101 BTB Ret | 2 pin | 4 INH | INH | 2 na [i IX la iH 12 Re | 2 1 x 1101 
4 
ee EL 2 iMM | 2 1 1x “4 
6 te ty 5 aes t 6 7) + T 5 
F } ‘BRCLRI ” BCLRT BIH CLR CLRA CLRX CLR CLR TXA STX STX F 
W111 3 BTB } 2 BSC REL | 2 DIR | 1 INH | 1 INH | 2 iX} ix L} INH seed 1 \x W111 


Abbreviations for Address Modes 


INH Inherent 

IMM Immediate 

DIR Direct 

EXT ~ Extended 

REL Relative 

BSC Bit Set/ Clear 

BTB Bit Test and Branch 


IX Indexed (No Offset) 
ix1 Indexed, 1 Byte (8-Bit) Offset 
1X2 Indexed, 2 Byte (16-Bit) Offset 


# of Cycles 
Mnemonic 
Bytes 





Opcode in Binary 


Address Mode 


Opcode in Hexadecimal 


€SS0899IN 


MC6805S3 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 
through a table or to hold the address of a frequently 
referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 


the opcode. This addressing mode can be used in a man- 
ner similar to indexed 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
I'O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to +130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
Input Voltage i that normal precautions be taken to avoid 

Self-Check Mode | —0.3 to +15.0 application of any voltage higher than max- 

All Other —0.3 to +7.0 imum-rated voltages to this high-impedance 

circuit. For proper operation, it is recom- 
mended the Vjn and Voyt be constrained to 
the range Vss < (Vin or Vout) < Vcc. Reli- 
Operating Temperature Range ability of operation is enhanced if unused in- 

MC6805S3P puts except EXTAL are tied to an appropriate 

MC6805S3CP —40 to +85 logic voltage level (e.g., either Vss or Vcc). 

MC6805S3VP —40 to +105 


Junction Temperature 
Plastic Package 











Characteristic Symbol 


Thermal Resistance OIA °C/W 
Plastic (P Suffix) 70 





POWER CONSIDERATIONS For most applications, PoortT<Pint and can be ne- 

glected. PPOoRT may become significant if the device is 

The average chip-junction temperature, Ty, in °C can configured to drive Darlington bases or sink LED loads. 

be obtained from: An approximate relationship between Pp and Ty (if 

Ty=Tat(Pp*8ya) | (1) Pport is neglected) is: 
where: | Pp=K=(Ty + 273°C) (2) 
Ta = Ambient Temperature, °C Solving equations (1) and (2) for K gives: 

OA = Package Thermal Resistance, K=Pp * (Ta + 273°C) + 0yarPDA (3) 

Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. K 

Pb = Pint+ Pport can be determined from equation (3) by measuring Pp 

PINT  =!ccVec, Watts — Chip Internal Power (at equilibrium) for a known Ty. Using this value of K, 

PporRT = Port Power Dissipation, the values of Pp and T | can be obtained by solving equa- 
Watts — User Determined tions (1) and (2) iteratively for any value of T,. 


Veco =4.7/5 V 





















TEST MMD6150 
POINT OR EQUIV. 132K0 TEST POINT a, 
30 pF (TOTAL) 
40 pF MMD7000 if 
(TOTAL) OR EQUIV. BE 
Figure 19. TTL Equivalent Figure 20. CMOS Equivalent 
Test Load (Port B) Test Low (Port A) 
Veg = 4.75 V 
TEST MMD6150 Vee =4.75 V 
POINT OR EQUIV. ue 136 KO 
TEST 
30 pF MMD7000 POINT 
(TOTAL) OR EQUIV. a 30 pF (TOTAL) 
Figure 21. TTL Equivalent Figure 22. Open-Drain Equivalent 
Test Load (Ports A and C) Test Load (PB1, PB2, and PB3) — 
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ELECTRICAL CHARACTERISTICS 
(Vcc = + 5.25 Vde +0.5 Vde, Vgg =0 Vdc, TA=T_ to Ty, unless otherwise noted) 


Symbol | Min | Typ | Max | Unit 
1H V 


Input.High Voltage V 
% 






























RESET (4.75 < Vcc < 5.75) 





_._—~Vec = 4.75) Vcc -0.5 
INT (4.75 < Vcc = 5.75) 

(Vcc = 4.75) 
All Other 


Input High Voltage PCO 
Port/Timer Mode 
Self-Check Mode 


Input Low Voltage 
RESET 

INT 

All Other (Except A/D Inputs) 


RESET Hysteresis Voltages (See RESETS) 
“Out of Reset’’ 
“Into Reset’ 


















Standby Supply Voltage (INT2 Input Option) 
Standby Current (INT2 Input Option) (VstBy =3.0 V) 


Power Dissipation — No Port Loading 
(Vcc =5.75 V, Ta =0°C) 
(Vcc =5.75 V, Ta= — 40°C) 





Input Current pA 
INT 
(Vin =2.4 V to Vcc) =e 20 50 
EXTAL 


(Vin = 2.4 V to Vcc Crystal Option) — — 10 
(Vin =0.4 V Crystal Option) oe — - 1600 
RESET 
(Vin = 0.8 V) -4.0 _ ~50 
(External Charging Current) ab 

















TBD = To Be Determined 
NOTE: Port D analog inputs, when selected, Cjp =25 pF for the first 5 out of 30 cycles. 
*This input (when unused) floats to approximately 2.0 V due to internal biasing. 
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SWITCHING CHARACTERISTICS 
(Vcc = +5.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta=T_ to Ty, unless otherwise noted) 


Characteristic | Symbol | Min 
Oscillator Frequency | tose | OM 
RESET Pulse Width tRWL teyc + 250 
[RESET Delay Time ternal Gopaciance=1wA (| wu | 


INT Zero-Crossing Detection Input Frequency Rt oh nae 
(for +5° Accuracy) 0.03 
External Cock input Duy Cycle ETA ———SSC*dSC YS 
Osciletor Startup Time Catal dts 
SPICL Rise and Fall Time 
SPID Input Data Setup Time 2 
Start Bit to First Clock Lead Time 1 
External Timer Input to Timer Change Time tPCT 
Timer Change to Port B Toggle Time 
INT2 to Timer A Load Time 














H 


N 







T 
1 


wn 


kHz 


yp 
00 
50 


°o 


5 =| 
> ES) 
te 


100 


tcyc 






lana 
Slee. 
” QO 

















+ 
9} 
io) 


tcyc 








A/D CONVERTER CHARACTERISTICS 
(Vcc = + 5.25 Vde +0.5 Vde, Vgg=0 Vdc, Ta=TL_ to Ty, unless otherwise noted) 


A/D accuracy may decrease proportionately as 
VRH-VRL is reduced below 4.0 V. The sum of 
VRH and V\i must not exceed Vcc 


(Inherent within total error) 


Sample Time 5 5 
_SamplelHold Capacitance, mput| — | — | 2 | pF _| 


Analog Input Voltage Transients on any analog lines are not allowed 
: at any time during sampling or accuracy may 
be degraded 








* For VRH=0.4 V to 5.0 V and Vp; =0 V. 
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PORT ELECTRICAL CHARACTERISTICS 
(VcC= +5.25 Vde +0.5 Vdc, Vgg=0 Vdc, TA=TL to Ty, unless otherwise noted) 


Characteristic 


Port A with CMOS Drive Enable 


Output Low Voltage, lL 9qaq=1.6 mA 


Output High Voltage, IL gaq= — 100 pA 
Output High Voltage, ILoag= — 10 pA 
Input High Voltage, ILgaqg= — 300 pA (max.) 





Input Low Voltage, ILoad = — 500 »A (max.) IL ss — 
Hi-Z State Input Current (Vin =2.0 V to Vec) IH ae Bee ee A 
Port B 








: rlals 
<i< 


Fr 





Darlington Current Drive (Source)*, Vo=1.5 V IOH 


Input High Voltage VIH 


Input Low Voltage VIL Vss 


O 
c 
p's 
ao] 
c 
ob 
= 
To) 
= 
<= 
s) 
= 
fe) 
To) 
& 
rm 
° 
jet} 
Q 
l| 
| 
NO 
ro) 
ras) 
<4 
> 
<= 
O 
se 
olrins 
ran) 


Voce “0:7 } 











: 
n 
\ 
NO 
= | © 
© |ca 
a 


Hi-Z State Input Current 
Port C and Port A with CMOS Drive Disabled 








Output Low Voltage, ILpaqg=1.6 mA VOL 





Output High Voltage, IL 9aq= — 100 pA 





Input High Voltage Vcct+0.7 


Input Low Voltage VIL Vss 


Hi-Z State Input Current ITSI 


Port D (Digital Inputs Only) 





= Oo 
© 1a 
FF 


4 
> 


<|< 
j 7 

Nm | dD 

Oo |} 

















Input High Voltage VIH Vcc +0.7 
Input Low Voltage VIL Vss 0.8 
Input Current** lin . | <7 10 pA 








*Not applicable if programmed to open-drain state. 
**PD4/VR; — PD5/VRH: 
The A/D conversion resistor (15 kQ) typical) is connected internally between these two lines, impacting their use as digital inputs 
in some applications. 


MOTOROLA MICROPROCESSOR DATA 
3-529 





MC6805S3 | 


ORDERING INFORMATION 

The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS, disk file 

MS-DOS/PC-DOS disk file 

EPROM(s) 2532, 2732, or two each: 2516/2716 
To initiate a ROM pattern for the MCU, it is necessary to 


first contact the local field service office, a sales person, 


or a Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS™ or MS®-DOS/ 
PC-DOS disk file), programmed with the customer’s pro- 
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis- 
kette should be clearly labeled with the customer’s name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-side, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in- 
cluding those in the user space, must be set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K), 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


An MC68705S3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer's program 
(positive logic sense for address and data), may be sub- 
mitted for pattern generation. Since all program and data 
space information will fit on one MC68705S3/2532/2732 
or two 2516/2716 type EPROM(s), the EPROM(s) must be 
programmed as described in the following paragraph. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


For the 2532 or 2732, the ROM code should be located 
from $080 to $EFF and the interrupt vectors from $FF8 
to $FFF. For the 2516s or 2716s, the ROM code should 
be located from $080 to $7FF in the first EPROM and from 
$0 to $6EF in the second EPROM. The interrupt vectors 
should be in the second EPROM from $7F8 to $7FF. 


EPROM MARKING 


(To) wo 
_— Se 
™ 
a Qn 
Ys ZS 
—_— ~N 
—_ mad, 
Lo is) 
CS N 


ais <I 
< 
2 ee 
Q 
$080 





xxx = CUSTOMER ID 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer’s mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
with five volts and at room temperature. These RVUs are 
free with the minimum order quantity but are not pro- 
duction parts. These RVUs are not guaranteed by Mo- 
torola Quality Assurance. 


ORDERING INFORMATION 


The following table provides generic information per- 
taining to the package type, temperature, and MC order 
numbers for the MC6805S3. 


Table 5. Generic Information 


Package Type Order Number 


Plastic MC6805S3P 
(P Suffix) MC6805S3CP 
MC6805S3VP 











Temperature 


0°C to 70°C 
— 40°C to +85°C 
—40 to + 105°C 















IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA 


PIN ASSIGNMENT 


Vss U1 © NUM 
PRESCALER1/PCO {} 2 EXTAL 
PRESCALER2/PC1 {j 3 XTAL 

VsTpy/AN4/INT2/PD6 4 INT1 
VeaH/PD5 Uf 5 Vop 
Vp. /PD4 J 6 RESET 
AN3/PD3 YJ 7 PAT 
AN2/PD2 Yj 8 PA6 
AN1/PD1 9 PA5 
ANO/PDO PA4 

SPISS/PBO PA3 
SPICL/PB1 PA2 
SPID/PB2 PAI 
SPID/PB3 PAO 
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TECHNICAL DATA NIC6805U2 


Technical Summary | 
8-Bit Microcontroller Unit 


The MC6805U2 (HMOS) Microcontroller Unit (MCU) is a member of the M6805 Family of micro- 
controllers. This low cost and high-speed MCU has parallel 1/O capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor- 
mation, refer to M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 


@ Internal 8-Bit Timer with 7-Bit Prescaler 
On-Chip Oscillator 

Memory Mapped |/O 

Versatile Interrupt Handling 

True Bit Manipulation 

Bit Test and Branch Instruction 


Vectored Interrupts 

2048 Bytes of ROM 

64 Bytes of RAM 
Self-Check Mode 

24 Bidirectional 1/O Lines 


BLOCK DIAGRAM 


Tia) 'XTAL  €EXTAL RESET NUM INT 
immer 
TIMER Prescaler Counter 

7 8 




















PAO ‘ A/D Analog 
PAt ccumulator x 2 MUX 
os PA2 Port | Data 8 . CPU ——T-F 
co PA3 A Dir Index Control 
PA4 Reg Reg Register es 3 
Lines PAs 8 X | POI Port 
oo Condition an eee D 
Code ARs PD4 Input 
5 Register cc ees PDS Lines 
aa PD6/INT2 
Stack aRmlaea 
Pointer PD? 
Pao st YY WY 
PBI Pp 
p rogram 
a PB2 Port Data Counter Port D 
We PB3 B Dir 4 High PC Input 
PB4 Reg Reg 
Lines pgs Program 
PB6 Counter 
PB7 LOW ECE es 
Data Port is ce 
Dir Cc 
2048 x 8 64x 8 Reg | Reg Ce 
User ROM RAM PC5 Lines 
~ 192 x8 a 
Self-Check ROM eed 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vcc is +5.25 volts (+0.5A) power, and Vsg is 
ground. 


NUM 


This pin is not for user applications and must be con- 
nected to Vss. 


INT 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending upon selected 
manufacturing mask option) is connected to these pins 
to provide a system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 


Cy 


EXTAL Rs XTAL 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max 

Freq. =4.0 MHz @ C; = 24 pF 

Rs =50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's Sug- 
gestions for Cg, C1, and Rs values. 


6) XTAL 
External 51 EXTAL 
Clock 
Input 


External Clock 


6! XTAL 
EXTAL 


Approximately 25% to 50% Accuracy 
Typical teyc = 1.25 ys 
External Jumper 


Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. 


External Clock 

An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 


TIMER 


This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the self-test program. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO-PC7, PDO- 
PD7) 

These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D) Ports A, B, and C are programmable as either 






Crysta 


Connection 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


NOTE: The recommended C, value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF 
on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


Figure 1. Oscillator Connections 
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Vcc =5.25V 
Ta =25°C 


Oscillator Frequency (MHz) 





0 10 20 30 40 50 60 70 80 
Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


inputs or outputs under software control of the data di- 
rection registers. Port Dis a fixed input port and not 
controlled by any data register. Port D bit 6 shares input 
signal INT2, which is used for external interrupts. Refer 
to PROGRAMMING for additional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmable as either input or 
output under software control of the corresponding write- 
only direction register (DDR). Port D lines are input only. 
The port /O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 


Data Direction 
Register* Bit 


Latched 
Output 


Internal Data Bit 


Connections 





is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and also to the latched output when 
the DDR is an output (one). Refer to Table 1 for I/O func- 
tions and to Figure 3 for typical port circuitry. 


Table 1. VO Pin Functions 


Data Latch 
Direction Output 
Register Data 

Bit 


*Port B and C are three-state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of user ROM, self-check ROM, 
user RAM, a miscellaneous register (MR), timer registers, 
and I/O. The interrupt and reset vectors are located from 
$FF8 to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. . 





Figure 3. Typical Port I/O Circuitry and Register Configuration 


| 
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000 
1/O Ports 
Timer 
Page Zero RAM 
Access with 127 (128 Bytes) 
Short 128 
Instructions Page-Zero 
User ROM 
(128 Bytes) 
255 
256 
Not Used 
(1728 Bytes) 
1983 
1984 
Main User 
ROM 
(1912 Bytes) 
3895 
3896 
Self-Check 
ROM 
(192 Bytes) 
4087 
4088 
4089 
4090 
Interrupt 3} 4991 
Vectors # 4092 
4093 
4094 





765 43 2 1 ~°0 


$000 
$001 
| PortC Data Register_ |’ s002 
$003 
$004" 
$005" 
$006" 
$007 
$008 
$009 
|_ Miscellaneous Register_} S008 

- $00B 
s00F 


$020 


on Dm fF WD HY ww Oo 


Reserved 
(48 Bytes) 


$03F 
RAM $040 


(64 Bytes) 
Stack 
(31 Bytes 


Maximum) 


$07F 


* Caution: Data direction registers (DDRs) are write-only; they read as $FF. 


Figure 4. Memory Map 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 0 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


] 0 


ee 


PROGRAM COUNTER (PC) 


The program counter is an 12-bit register that contains 
the address of the next byte to be fetched. 


10 8 7 0 
PCH PCL 


STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


11 0 


5 4 
jofofojojoliir] se 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specifications can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. 


4 0 
pali{nfz}c | 
Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 
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interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


SELF-CHECK 


The self-check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 


C (bit 3) for an oscillation of approximately 7 Hz. The 
following test are executed automatically: 

I/O — Functionally exercise 1/O ports. 

RAM — Walking bit test. 

ROM — Exclusive OR with ODD “1s” parity result. 

Timer — Functionally exercise timer. 

Interrupts — Functionally exercise external and timer 

interrupts. 

The RAM and ROM can be called by a user program. The 
timer test may be called if the timer input is the internal 
clock. Table 2 shows the status of the LEDs as a result of 
a failure. Port C is tested only once (just after reset). If 
port C fails, no lights will appear. 


Table 2. Self-Check Error Patterns 
LED Meanings 


[eco | pct | po2 | Pcs [Remarks (1; LED ON; 0: LED OFF) | 


0 0 


Bad 1/0 
Bad Timer 
Bad RAM 


Bad ROM 

Bad A/D 

Bad Interrupts or Request Flag 
Good Device 





All Flashing 


Anything else Bad Part, Bad Port C, etc. 





*This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 
* * For the MC6805R2/MC6805U2 pin 7 is not for user application and must be connected to Vss. For the MC6805R3/MC6805U3 pin 7 


is Not connected. 


Figure 5. Self-Check Connections 
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RESETS 


The MCU can be reset three ways: (1) by initial power- 
up, (2) by the external reset input (RESET), and (3) by an 
optional, internal, low-voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 











POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of try, milliseconds is required before 
allowing the RESET input to go high. Connecting a ca- 
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 








EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES — to provide an internal reset voltage. 


LOW-VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
certain level (V_yj|). The only requirement is that the Vcc 


must remain at or below the V_y| threshold for one teyc 
minimum. 

In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
tcyc. The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (Vi vp) at 
which time a normal power-on reset occurs. 





INTERRUPTS 


The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external port D bit 
6 (INT2) input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrupts do not cause the 
Current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 







1.0 pF 
Typical 


D 













Current 
Limiting 


“ee 














Strong 
ischarge 
Device 


O Vcc 


Low Voltage 
Detector 





(Optional) 










Internal 





Pull 
n+ 1 
n+2 
n+3 


n+4 





n+5 


POR -_ O—-1— LVI 
Delay 1—-O—LVR 
Capacitor 
Charging 
Current Reset 
* Disable LVI epuice ) > 
Schmitt 
Trigger 
Figure 6. RESET Configurations 
7 6 5 4 3 2 ] 0 
n-4 Condition Code Register 
n-3 Accumulator 
n-2 Index Register 
n PCL* 
Push 


*For subroutine calls, only PCH and PCL are stacked. 


Figure 7. Interrupt Stacking Order 
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NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(I bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


If the timer mask bit (TCR6) is cleared, each time the 
timer decrements to zero (transitions from $01 to $00) an 










11 (in CC) 
O7F SP 
02#>DDRs 

CLR INT Logic 
FF Timer 

7F Prescaler 

7F 3>TCR 
7F 2>MR 


Put FFE on 
Address Bus 


RESET 
Pin= Low 





(TIMER INT) 
TCR7 - TCR6 
MR7 > MR6 
(INT2) 






Is Fetched 
Instruction 


nq _ RESET 
Pin= High on SWI? 


Load PC 
From 
FFE/FFF 










Fetch 
Instruction 


Execute 
Instruction 


interrupt request is generated. The actual processor in- 


terrupt is generated only if the interrupt mask bit of the 


condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack, and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 





INT 
Request 
Latch 

















Load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 
Timer or 
INT2: FF8/FF9 


Figure 8. Reset and Interrupt Processing Flowchart 
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interrupt request bits, if set, cause the MCU to process 
and interrupt when the condition code | bit is clear. The 
following paragraphs describe two typical external in- 
terrupt circuits. 


Zero-Crossing Interrupt 


A sinusoidal input signal (fj maximum) can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 


Digital-Signal Interrupt 


With this type of circuit (Figure 9b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw , tWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 


(a) Zero-Crossing Interrupt 


(Current 
neu Limiting) 
(fINT Max.) 2 3} int ets 
Rs1MQ i 
ac Input 
>10 Nace es 0.1—1.0 


oe uF 


is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit prescaler. The timer source is 
made during manufacturing as a mask option. The 8-bit 
counter may be loaded under program control and is 
decremented toward zero. When the timer reaches zero, 
the timer interrupt request bit (bit 7) in the timer control 
register (TCR) is set. Refer to Figure 10 for timer block 
diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared and TCR bit 
6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by 1) saving the present 
CPU state on the stack, 2) fetching the timer interrupt 
vector, and 3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 


(b) Digital-Signal Interrupt 


VCC 





TTL 
Level 
Digital 
Input 


Figure 9. Typical Interrupt Circuits 
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Figure 10. Timer Block Diagram 
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a logic one; however, the TCR bit 3 always reads as a 


logic zero to ensure proper operation with read-modify- . 


write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. Three machine cycles are 
required for a change in state of the TIMER pin to dec- 
rement the timer prescaler. . 

Clock input to the timer can be from an external source 
or from the internal phase two signal. Clock source is one 
of the mask options. A prescaler mask option is also avail- 
able to select a divide option of a power of two up to 
128. j 


TIMER CONTROL REGISTER (TCR) $009 


This 8-bit register controls various functions such as 
timer interrupt request, timer interrupt inhibit, and pres- 
caler clear signal. Bit 3 is write only. 


7 6 5 4 3 2 1 0 
mm {1 fos [ese] os Tos | | 
RESET: 


0 1 U U U U U U 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 
1 =Set when the timer data register changes to all 
zeros 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt 
1 = Interrupt inhibited 
0=Interrupt enabled 
PSC — Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in- 
dicates a zero. 
Bits 5, 4, 2-0 — Not used. 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either. the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 








Load A from Memory 


[Mnemonic | 
Load X from Memory 


Store A in Memory 


Store X in Memory 
Add Memory to A 
Add Memory and Carry to A 










Subtract Memory 

Subtract Memory from A with Borrow 
AND Memory to A 

OR Memory with A 

Exclusive OR Memory with A 

Arithmetic Compare A with Memory 
Arithmetic Compare X with Memory 

Bit Test Memory with A (Logical Compare) 


Jump Unconditional 


STX 
ADD 
| EOR 
Jump to Subroutine 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


Increment 


Decrement 


Clear | CLR 


Complement 

Negate (2’s Complement) 
Rotate Left Thru Carry 
Rotate Right Thru Carry 
Logical Shift Left 

Logical Shift Right 
Arithmetic Shift Right 


Test for Negative or Zero 


INC 
DEC 
CLR 
COM 
NEG 

| ROR 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 


Branch Always 


Branch Never 





[Mnemonic | 
| BRN 
| BHI 


Branch if Higher 


— Continued — 
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Branch if Lower or Same BLS 
Branch if Carry Clear BCC 






(Branch if Higher or Same) 
Branch if Carry Set BCS 


(Branch if Lower) 






Branch if Not Equal 








Branch if Equal 





Branch if Half Carry Clear 
Branch if Half Carry Set 
Branch if Plus BPL 






Branch if Minus 






Branch if Interrupt Mask Bit is Clear BMC 






Branch if Interrupt Mask Bit is Set 






Branch if Interrupt Line is Low BIL 






Branch if Interrupt Line is High 
Branch to Subroutine BSR 





wo 
<= 
>) 
QO 





BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 
lation instructions. 


| Function | Mnemonic 
BRSET n(n=0...7 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


Transfer A to X 
Transfer X to A 







Set Interrupt Mask Bit 
Clear Interrupt Mask Bit 


— Continued — 


[Mnemonic | 
Clear Carry Bit 
| sel 










pFumction 


No-Operation 









[Mnemonic 
| NOP 


OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. | 3 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov- 
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single byte instruc- 
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. Two byte direct ad- 
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand Is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
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Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from 
the opcode address. 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or i/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 


the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single two-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports A, B, and C 
are write-only registers (registers at $004, $005, and 
$006). A read operation on these registers is un- 
defined. Since BSET and BCLR are read-modify-write 
functions, these functions cannot be used to set or 
ciear A DDR bit (all “unaffected” bits would be set). 
It is recommended that all DDR bits in a port be 
written using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first.256 locations of 
memory. The span of branching is from —125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


Supply Voltage 


Input Voltage 
Self-Check Mode (TIMER Pin Only) 


Operating Temperature Range 
MC6805U2 

MC6805U2C 
MC6805U2V 















Junction Temperature 
Plastic 
PLCC 

Cerdip 











THERMAL CHARACTERISTICS 


Thermal Resistance 
Plastic (P Suffix) 
PLCC (FN Suffix) 
Cerdip (S Suffix) 


POWER CONSIDERATIONS | 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat (Pp 8a) (1) 
where: | | 
TA = Ambient Temperature, °C 
BJA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
Pp = Pint+PporT . 
PINT = Icc Vcc, Watts — Chip Internal Power 


Pport = Port Power Dissipation, 
Watts — User Determined 


—0.3 to +7.0 


| Symbol | Unit _| 

| Voc Lewes 

Hie oe 
—0.3 to + 15.0 


Ti to Ty 
0 to +70 


—40 to +85 





-—40 to +105 


Storage temperanire Range —55 to +150 2s 


150 
150 


[ernest] vane Tat 


These device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields; however, it is ad- 

vised that normal precautions be taken to 
_avoid application of any voltage higher than 
maximum-rated voltages to this high-imped- 
ance circuit. For proper operation it is rec- 
ommended the Vjpn and Vout be constrained 
to the range Vsgs<(Vin or Vout)=Vcc. Reli- 
ability of operation is enhanced if unused in- 
puts except EXTAL are tied to an appropriate 
logic voltage level (e.g., either Vss or Vcc). 


For most applications PporT<Pint and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 


Pp=K-+(Ty+273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp * (Ta + 273°C) + 0JArPD2 (3) 


where K is a constant pertaining to the particular part. 
K can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ty. Using this value of K, 
the values of Pp and T, can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta. 
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Vcc =5.75 V 






























Test MMD6150 
Point or Equiv. 1.45 kO Test Point ae | 
30 pF (Total) 
= p i MMD7000 
of or Equiv. 
Figure 11. TTL Equivalent Test Load Figure 12. CMOS Equivalent Test Load 
(Port B) (Port A) 
Vcc =5.75 V 
Test MMD6150 Vcc =5.75 V 
Point Bani: 3.34 kQ 
ie ar 2.91 kO 
Test 
30 pF MMD7000 Pein 
(Total) or Equiv. cis 30 pF (Total) 
Figure 13. TTL Equivalent Test Load Figure 14. Open-Drain Equivalent Test Load 
(Ports A and C) (Port C) 
VDD 
Port C Open-Drain Port A CMOS VDD 
fe Pullup Option 






1-10 k Typ. 


Option \ Vope 


Port DDR 
Port Data 





PB DDR 
PB Data 


IP = Input Protection 


Figure 15. Ports A and C Logic Diagram Figure 16. Port B Logic Diagram 


To 1/0 Logic Test Point oa ieee 


Vary V, 


Measure | 
(=) : 





Figure 17. Typical Input Protection Figure 18. I/O Characteristic 
Measurement Circuit 
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ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vdc +0.5 Vdc, Vgg=0 Vdc, Ta=TL to Ty, unless otherwise noted) 


Characteristic 


Input High Voltage 
RESET (4.75<Vcc<5.75) 
(Vcc<4.75) 
INT (4. 75<Vcc<5.75) 
(Vcc <4.75) 
All Other (Except Timer) 


Input High Voltage Timer 
Timer Mode 
Self-Check Mode 


Input Low Voltage 
RESET 
INT 
Ail Other 


Reset Hysteresis Voitages 
“Out of Reset’ 
“Into Reset’ 


INT Zero-Crossing Voltage, Through a Capacitor 


Internal Power Dissipation (No Port Loading, ttt 
Vcc =5.75 V for Steady-State Operation) Ta= —40°C 


Input Capacitance 
XTAL 
All Other 


Low Voltage Recover | VLVR 
Low Voltage Inhibit VLVI | 275 | 


Input Current 
TIMER (Vjpn = 0.4 V) 
INT (Vin =2.4 V to Vcc) 
EXTAL (Vjn = 2.4 V to Vcc Crystal Option) 
(Vin = 0.4 V Crystal Option) 
RESET (Vjp=0.8 V) 
(External Capacitor Charging Current) 





*Due to internal biasing, this input (when unused) floats to approximately 2.0 V. 


SWITCHING lessees ied (Vcc= +5.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta=T_ to Ty, unless otherwise noted) 


| haracteristic | Symbot | min | typ | Max | Unit 
[Oscillator Frequency | tose, | | || 
[Cycle Time Woe) | tye | | ts 
INT, INT2, and TIMER Pulse With | twutwi | teyor250 | — | | ins 
RESET Pulse Width | tam | teyet250 | — | | 
[RESET Onley Tine GxerealGop=tonl | wa | | 0 | — | ws 
[INT Zero-Crossing Detection Input Frequency | int | 0.03 | |e 

ee ae 













External Clock input Duty Cycle (EXTAL) 
Crystal Oscillator Start-Up Time 
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PORT ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vdc +0.5 Vdc, Vgg =0 Vdc, Ta=TL to Ty, unless otherwise noted) 


Characteristic | Symbol | Min | Typ | Max | Unit 


Port A with CMOS Drive Enabled 
O 
H 


OH 
Input High Voltage, ILoag = — 300 pA (max.) VIH 


< 
= 


N N 
(=) x» 


Output Low Voltage, IL_gaq= 1.6 mA 
Output High Voltage, IL oad = — 100 pA 


< 


< 


Output High Voltage, ILgaq= —10 pA Vcc — 1.0 


_ 
r— 
if 
n 
n 


Input Low Voltage, IL gag = — 500 pA (max.) 
Hi-Z State Input Current (Vjp =2.0 V to Vcc) 
Hi-Z State Input Current (Vjp =0.4 V) 


— 300 


= 
> 


= 
a 
O 
i -elel<l[<j< 


Port B 
Output Low Voltage, IL_gaq=3.2 mA 


O 


Output Low Voltage, li 9aq= 10 mA (Sink) O 


O 


bp 


Output High Voltage, ILgad= — 200 pA 
Darlington Current Drive (Source), Vo=1.5 V 
Input High Voltage 


< 
xr 

< 
(?) 
(@) 


V 


ITS! 
Port C and Port A with TTL Drive 


Output Low Voltage, ILgaq=1.6 mA VOL 


Input Low Voltage 


= 
< 

n 

n 


A 
IN} 


<IS |S |5 |S 
Ilr if (- 


Hi-Z State Input Current 


Output High Voltage, ILopgaq= — 100 pA VOH 


Input High Voltage VIH 
VIL 
ITSI 
Port C (Open-Drain Option) 


Input Low Voltage 
Hi-Z State Input Current 


ell Rela 
OA 


No 
< 
oO 
fe : 


i?) 
"n 


< 
x) 


Input High Voltage H 
Input Low Voltage 


Input Leakage Current (Vjpn = 13.0 V) 


> 


ILOD 
Output Low Voltage IL gqaq=1.6 mA VOL 


Port D (Digital Inputs Only) 


S15 
= 
<i 
w 


rie 
o 


Input High Voltage VIH 
Input Low Voltage 


> 


input Current 


= 
— 
: 
n 
n 
< 
2) 
i i 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS®, disk file 

MS®-DOS/PC-DOS disk file 
EPROM(s)MC68705R3, 2532, 2732, or two 2516/2716 
To initiate a ROM pattern for the MCU, it is necessary to 
first contact the local field service office, a sales person, 
or Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS or MS-DOS/PC- 
DOS disk file), programmed with the customer program 
(positive logic sense for address and data), may be sub- 
mitted for pattern generation. In either case, the diskette 
should be clearly labeled with the customers name, date, 
project or product name, and the name of the file con- 
taining the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to speed up the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorla’s Disk Operating System available on 
the EXORciser® development system. The disk media 
submitted must be a single-sided, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 


The .LO output of the M6805 cross assembler should 


be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both date and program space. All unused bytes, in- 
cluding those in the user space, must be set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola’s S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM-PC style machines. 


EPROMs 


An MC68705R3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer program (po- 
sitive logic sense for address and data) may be submitted 
for pattern generation. Since all program and data space 
information will fit on one MC68705R3/2532/2732 or two 
2516/2716 type EPROM(s), the EPROM(s) must be pro- 
grammed as described in the following paragraph. 
MDOS is a trademark of Motorola Inc. 

MS-DOS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


For the 2532, 2732, or the MC68705R3, the ROM code 
should be located from $080 to $FF and $7C0 to $F37 and 
the interrupt vectors from $FF8 to $FFF. For the 2516's 
or 2716's, the ROM code should be located from $080 to 
$FF and $7CO to $7FF in the first EPROM and from $0 to 
$737 in the second EPROM. The interrupt vectors should 
be in the second EPROM from $7F8 to $FFF. 


_, EPROM MARKING 
















Ist 
2516/2716 
2nd 
2516/2716 


“NI 
«om © 
ms ce 
Nw 
aL 
'B x 
i 3 







i) 
oo 
i—_] 
oS 
oS 





xxx = Customer ID 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are’ 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
completed, signed, and returned to Motorola. The signed 
verification form constitutes the contractual agreement 
for creation of the customer mask. If desired, Motorola 
will program (customer supplied) blank EPROM(s) or DOS 
disk from the data file used to create the custom mask 
to aid in the verification process. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency the MCUs 
are unmarked, packaged in ceramic, and tested at room 
temperature and five volts. These RVUs are free with the 
minimum order quantity but are not production parts. 
These RVUs are not guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides generic information per- 
taining to the package type, temperature, and MC part 
numbers for the MC6805U2. 


Table 4. Generic Information 


Package Type 
PLCC 0°C to 70°C MC6805U2FN 

FN Suffix —40°C to +85°C | MC6805U2CFN 
Plastic 0°C to 70°C MC6805U2P 

P Suffix —40°C to +85°C MC6805U2CP 
Cerdip — O°C to 70°C MC6805U2S 

S Suffix —40°C to +85°C | MC6805U2CS 












IBM is a registered trademark of International Business Machines Corporation. 
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MECHANICAL DATA 


PIN ASSIGNMENTS 


Dual-in-Line Package 






VssQ! @ 40 T] PA? 
RESETQz 33 TJPA 

INT 3 38 J] PAS 

Vec 44 3/ TT] PA4 
EXTAL J]5 36 1] PA3 
XTALG6 35[] PA2 
(Vgs) NUMQ 7 34] PAI 


TIMERQ 8 33 IJ PAO 
PCO 9 32 [J PB7 
PCIU IPB6 
PC2Q11 30 [J] PBS 
PC3Uj 12 29 [] PB4 


PC4f}13 28 [] PB3 
pcs] TP B2 
Pcefjis 26[]PB1 
PC7O16 2511PB0 
Po7Q17 1 PDO 

PD6/INT2 918 2317 PD1 
PDS ]19 22[] PD2 
PD4{] 20 211] PD3 





PLCC Package 


XTAL PA3 
(Vgs) NUM PA2 
TIMER PAI 
PCO PAO 
PC1 PB7 
PC2 PB6 
PC3 PB5 
PC4 PB4 
PC5 PB3 
NC PB2 
PC6 PB1 





PBO ( 


PD3 (AN3) 
PD2 (AN2) 
PD1 (AN1) [ 
PDO (ANO) 


MOTOROLA MICROPROCESSOR DATA 
3-549 


MOTOROLA a 
a SEMICONDUCTOR 


TECHNICAL DATA ViC6805U3 





Technical Summary 
8-Bit Microcontroller Unit 


The MC6805U3 (HMOS) Microcontroller Unit (MCU) is a member of the MC6805 Family of micro- 
computers. This low cost and high-speed MCU has parallel I/O capability with pins programmable 
as input or output. This publication contains condensed information on the MCU: for detailed infor- 
mation, refer to M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 












Internal 8-Bit Timer with 7-Bit Prescaler e Vectored Interrupts 
@ On-chip Oscillator e 3776 Bytes of ROM 
@ Memory Mapped I/O @® 112 Bytes of RAM 
@ Versatile Interrupt Handling @ Self-Check Mode 
e True Bit Manipulation @ 24 Bidirectional I/O Lines 
@ Bit Test and Branch Instruction 
BLOCK DIAGRAM 
XTAL  EXTAL RESET INT 
TIMER Prescaler Timer/ 
Counter 
7 8 
PAO 
PAI Accumulator 
es PA2 Port Data 8 A CPU 
eg eg Register 
Lines p eee PDO 
one : — PD1 
PAT Condition Pa PD2 
; Code Port D ieee PD3 Port D 
5 Register cc Input 
rapur = PD4 Lines 
Stack rey Geen ee 
Pointer PD6/INT2 
PBO 5 SP PD7 
PBI Program 
as PB2 Port Data Counter 
Wen sees 7 Dir 4 High PCH 
PB4 Reg Reg 
Lines pps Program 
PB6 Counter 
PB7 8 Low PCL PCO 
PCl 
Data Port PC2 Port 
Dir C PC3 C 
User ROM RAM PC5 Lines 
192 x 8 PC6 
Self-Check ROM PC7 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vcc is + 5.25 volts (+0.5A) power, and Vss is 
ground. 


INT 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending upon user se- 
lected manufacturing mask option) is connected to these 
pins to provide a system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 


Cy 
EXTAL L1 Rs 
XTAL 
5 Co 6 
AT — Cut Parallel Resonance Crystal 
Co =7 pF Max 
Freq. =4.0 MHz @ C; = 24 pF 
Rs =50 ohms Max. 
Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Co, Cj, and Rs values. 
6} XTAL 6} XTAL 
External 
Clock = 
5: 5 | EXTAL 
iit EXTAL 


External Clock 


Approximately 25% to 50% Accuracy 
Typical teyce = 1.25 ps 
External Jumper 


8.0 
7.0 
6.0 
5.0 
40 


30 


Oscillator Frequency (MHz) 


2.0 


oO 


10 20 30 40 50 


Resistance (kQ) 


60 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


Crystal 

The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 


XT Ai 





Crystal 





Connection 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


NOTE: The recommended C, value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 





internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF 
on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


Figure 1. Oscillator Connections 
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mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. 


External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. The 
tOxOV Or tiILCH specifications do not apply when using 
an external clock input. 


TIMER 


This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the self-test program. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PA0-PA7, PB0-PB7, PCO-PC7,PD0- 


PD7) 


These 32 lines are arranged into four 8-bit ports (A, B, 
_ C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di- 
rection registers. Port D bit 6 shares input signal INT2, 
which is used by external interrupts. Port D is a fixed 
input port and not controlled by any data register. Refer 
to PROGRAMMING for additional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). Port D lines are input only. The 


Data Direction 
Register* Bit 
Latched 

Output 
Data Bit 





Internal 
Connections 


port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). Refer to Table 1 for 1/ 
O functions and to Figure 3 for typical port circuitry. 


Table 1. I/O Pin Functions 
ae a Input 
Output To 
State MCU 


**Ports B and C are three state ports. Port A has optional internal 
pullup devices to provide CMOS data drive capability. 


Data Latched 
Direction Output 


Register Data 
Bit Bit 





MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and 1/O registers. The memory map is shown in Figure 
4. The locations consist of user ROM, self-check ROM, 
user RAM, a miscellaneous control register (MR), timer 






Figure 3. Typical Port l/o Circuitry and 
Register Configuration 
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\/O Ports 
Timer 
RAM 


127 (128 Bytes) 


128 


Main User 
ROM 
(3768 Bytes) 


Self Check 
ROM 
(192 Bytes) 


Timer Interrupt 


Interrupt J 4091 
Vectors § 4092 


4093 


4095 





7-6 S&S 4 3 2-1. 0 


sn 
: 0 
02 
0s 
: sot 
06 
7 Nottised__] 07 
: 08 
: 08 
r S008 
Mm $008 
Not Used 
(5 Bytes) 
SOOF 
$010 
RAM 
(112 Bytes) 
Stack 
(31 Bytes Maximum) 
$07F 


* Caution: Data direction registers (ODRs) are write-only; they read as $FF. 


Figure 4. Memory Map 


registers, and I/O. The interrupt and reset vectors are 
located from $FF8 to $FFF. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 

7 0 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 


may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

] 0 


PROGRAM COUNTER (PC) 


The program counter ts a 12-bit register that contains 
the address of the next byte to be fetched. 


1 8 7 0 
PCH | PCL 


STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


11 0 


5 4 
Fofofofojofifi] sr | 
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CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. j i 
afin iz} 
Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic one). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


SELF CHECK 


The self check is initiated by connecting the MCU as 
shown in Figure 5 and then monitoring the output of port 
C (bit 3) for an oscillation of approximately 7 Hz. The 
following test are executed automatically: 

/O — Functionally exercise I/O ports; 

RAM — Walking bit test; 

ROM — Exclusive OR with ODD “1st” parity result; 

Timer — Functionally exercise timer; and 

Interrupts — Functionally exercise external and timer 

interrupts. 
The RAM and ROM can be called by a user program. The 
Timer test may be called if the timer input is the internal 
clock. Table 2 shows the status of the LEDs as a result of 
a failure. Port C is tested only once (just after reset). If 
port C fails, no lights will appear. 


RESETS 


The MCU can be reset three ways: (1) by initial power- 
up, (2) by the external result input (RESET), and (3) by 








* This connection depends on clock oscillator user selectable mask option. Use jumper if the RC mask option is selected. 


Figure 5. Self-Check Connections 
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Table 2. Self-Check Error Patterns 


LED 

















0 


Il Flashing 


Anything eise Bad Pasi, Bad Port 


an optional, internal, low-voltage detect circuit. The RE- 
SET input consists mainly of a Schmitt trigger that senses 
the line logic level. 


POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRHi milliseconds is required before 
allowing the RESET input to go high. Connecting a ca- 
pacitor to the RESET input (Figure 6) typically provides 
sufficient delay. 








EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES— to provide an internal reset voltage. 





LOW-VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
certain level (VL yj). The only requirement is that the Vcc 
must remain at or below the V_ yj threshold for one tceyc 
minimum. 

In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 






Meanings 


Bad I/O 
Bad Timer 
Bad RAM 
Bad ROM 
Bad A/D 
Bad Interrupt or Request Flag 
Good Device 


on oe 
u, etc. 


tcyc. The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (VL\yR) at 
which time a normal power-on reset occurs. 





INTERRUPTS 


The MCU can be interrupted four different ways: (1) 
through the external interrupt !RO input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external port D bit 
6 (INT2) input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) to be set preventing 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack, and then 
normal processing resumes. The stacking order is shown 
in Figure 7. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 





NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 
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Figure 6. RESET Configuration 
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* For subroutine calls, only PCH and PCL are stacked. 


Figure 7. Interrupt Stacking Order 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(| bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 










1 HI (in CC) 
O7F SP 
O3#>DDRs 

CLR INT Logic 
FF Timer 

7F ®Prescaler 

7F TCR 
7F- MR 


Put FFE on 
Address Bus 






Fetch 
Instruction 


same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 8 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


lf the timer mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
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Figure 8. Reset and Interrupt Processing Flowchart 
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interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 


EXTERNAL INTERRUPT 


The externa! interrupt is internally synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
and interrupt when the condition code | bit is clear. The 
following paragraphs describe two typical external in- 
terrupt circuits. 


Zero-Crossing Interrupt 


A sinusoidal input signal (fj maximum) can be used 
to generate an external interrupt (see Figure 9a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 


(a) Zero-Crossing Interrupt 


ac 
Input 


(fin Max.) Limiting) 
Rsi MQ : 
ac Input 
0.1-1.0 
=10 Vacp-p (Ny xf 


(Current 





such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 


Digital-Signal Interrupt 

With this type of circuit (Figure 9b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw, twWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR) and mask option register (MOR). 
The 8-bit counter may be loaded under program control 
and is decremented toward zero. When the timer reaches 
zero, the timer interrupt request bit (bit 7) in the timer 
control register (TCR) is set. Refer to Figure 10 for timer 
block diagram. } 


(b) Digital-Signal Interrupt 


Vcc 





TRE 
Level 
Digital 
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Figure 9. Typical Interrupt Circuits 
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Software Functions 


1. The prescaler and 8-bit counter are clocked on the rising edge of the internal clock (phase two) or external input. 
2. The counter is written to during data strobe (DS) and counts down continuously. 


Figure 10. Timer Block Diagram 
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_ The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared, the proces- 
sor receives the interrupt. The MCU responds to this in- 
terrupt by (1) saving the present CPU state on the stack, 
(2) fetching the timer interrupt vector, and (3) executing 
the interrupt routine. The timer interrupt request bit must 
be cleared by software. Refer to RESETS and INTER- 
RUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when -TCR bit 3 is set. to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operavon with read-modify- 
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. 


SOFTWARE CONTROLLED MODE 


The timer prescaler input can be configured for three 
different operating modes plus a disable mode, depend- 
ing on the value written to TCR control bits 4 and 5 (TCR4 
and TCR5). The following paragraphs describe the dif- 
ferent modes. 


Timer Input Mode 1 


When TCR4 and TCR5 are both programmed to zero, 
the timer input is from the internal clock (phase two) and 
the timer input pin is disabled. The internal clock mode 
can be used for periodic interrupt generation as well as 
a reference for frequency and event measurement. Dur- 
ing the WAIT instruction, the internal clock to the timer 
continues to run at its normal rate. 


Timer Input Mode 2 


When TCR4=1 and TCR5 =0, the internal clock and the | 


timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is +1. 


Timer Input Mode 3 


When TCR4=0 and TCR5=1, no prescaler input fre- 
quency is applied to the prescaler and the timer is dis- 
abled. 


Timer Input Mode 4 


When TCR4 and TCR85 are both one, the timer input is 
from the external clock. The external clock can be used 
to count external events as well as to provide an external 
frequency for generating periodic interrupts. 


TIMER CONTROL REGISTER (TCR) $009 


This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 


prescaler, and generating timer interrupt request signal. 
Bit 3 is write ae 


RESET: 
0 1 U uU U U U U 


TCR? — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 

1 = Set when the timer data register changes to all 
zeros 

0= Cleared by external reset, power- on reset, or 
under program control 

TCR6 — Timer Interrupt Mask 
Used to inhibit the timer interrupt 

= Interrupt inhibited 
0=Interrupt enabled 

TCR5 — External or Internal 
Selects input clock source 

1 =External clock selected 
0=Internal clock selected (fosc/4) 

TCR4 — TIMER External Enable 
Used to enable external TIMER pin 

1=Enables external timer pin 
0=Disables external timer pin 

TCR3 — Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in- 
dicates a zero. 


-TCR2, TCR1, TCRO — Prescaler Select Bits 


Decoded to select one of eight outputs of the pres- 
caler 


Prescaler 





INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 
Most of these instructions use two operands. One op- 


erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 


- addressing modes. The jump unconditional (JMP) and 
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jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 


Load A from Memory 
Load X from Memory | Lox | 


Store A in Memory 
Store X in Memory 



















Add Memory to A ADD 
Add Memory and Carry to A ADC 
Subtract Memory SUB 


JMP 
JSR 






Arithmetic Compare X with Memory 


Bit Test Memory with A (Logical Compare) 
vump Unconditional | JMP 


Jump to Subroutine | usR | 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 


Branch Always 
Branch Never 


Branch if Higher 


Branch if Lower or Same 
Branch if Carry Clear BCC 
CS 


















(Branch if Higher or Same) (BHS) 
Branch if Carry Set B 


Branch if Plus BPL 












Branch if Minus 









B 
B 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. - 


Increment 










DEC 























Decrement 

Clear CLR 
Complement COM 
Negate (2’s Complement) NEG 
Rotate Left Thru Carry ROL 
Rotate Right Thru Carry Fam 
Logical Shift Left LoL 
Logical Shift Right LSR 
Arithmetic Shift Right ASR 
Test for Negative or Zero TST 





CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 





+ ——— 























Function Mnemonic 

Transfer A to X TAX 
Transfer X to A TXA 
Set Carry Bit | SEC __| 
Clear Carry Bit CLC 
Set Interrupt Mask Bit | SEI 
Clear Interrupt Mask Bit CLI 
Software Interrupt ie SWI | 
Return from Subroutine | RTS 
Return from Interrupt RTI 

RSP 
No-Operation NOP 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
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the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 
lation instructions. 


| Branch if Bit n is Set BRSET n (n=0... 7) 
Branch if Bit n is Clear BRCLR n (n=0... 7) 
BSET n (n=0...7) 













OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov- 
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single byte instruc- 
tions while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. Two-byte direct ad- 
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to Initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 


to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from 
the opcode address. 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 
In the bit set/clear addressing mode, the bit to be set 


or cleared is part of the opcode. The byte following the 


opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single two-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports A, B, and C are 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers is un- 
defined. Since BSET and BCLR are read-modify-write 
functions, these instructions cannot be used to set 
or clear a DDR bit (all ‘‘unaffected” bits would be 
set). It is recommended that all DDR bits in a port 
be written using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
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Abbreviations for Address Modes 


INH Inherent Opcode in Hexadecimal 
IMM immediate 

DIR Direct 

EXT Extended ol Cycles Opcode in Binary 

REL Relative Mnemonic 

BSC Bit Set/Clear Bytes 

BTB Bit Test and Branch 

ix Indexed (No Offset) Address Mode 

1X1 Indexed, 1 Byte (8-Bit) Offset 

1X2 Indexed, 2 Byte (16-Bit) Offset 
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The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the conaition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 





ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


Supply Voltage Vcc 
Vin 
MC6805U3C —40 to +85 


Input Voltage 
Self-Check Mode (TIMER Pin Only) 
TA 
MC6805U3V —40 to +105 


Storage Temperature Range —55 to +150 
i 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 
circuit. For proper operation, it is recom- 
mended the Vjn and Voyt be constrained to 
the range Vss < (Vin or Vout) < Vcc. Reli- 
ability of operation is enhanced if unused in- 
puts except EXTAL are tied to an appropriate 
logic voltage level (e.g., either Vss or Vcc). 


—0.3 to +7.0 


-0.3 to +7.0 
—0.3 to + 15.0 





Operating Temperature Range 
MC6805U3 


0 to 70 


Junction Temperature TJ 
Plastic 150 - 
PLCC 150 
Cerdip 175 





THERMAL CHARACTERISTICS 


Symbol 


Thermal Resistance 


Plastic (P Suffix) 
PLCC (FN Suffix) 
Cerdip (S Suffix) 





POWER CONSIDERATIONS For most applications PporT<Pint and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 


An approximate relationship between Pp and Ty (if 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat (Pps ya) (1) Pport is neglected) is: 
where Pp =K=+(Ty+273°C) (2) 
Ta = Ambient Temperature, °C Solving equations (1) and (2) for K gives: 
OjA = Package Thermal Resistance, K=Pp ° (Ta + 273°C) + 8yAePD2 (3) 
Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. K 
Pp = Pint+Pport can be determined from equation (3) by measuring Pp 
PINT = |lcc x Vcc, Watts — Chip Internal Power (at equilibrium) for a known Ta. Using this value of K, 


Pport = Port Power Dissipation, 
Watts — User Determined 


the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of T,. 
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ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vdc +0.5 Vdc, Vsg =0 Vdc, Ta=TL to Ty, unless otherwise noted) 


Characteristic 


Input High Voltage 
RESET (4.75 < Vcc < 5.75) 
Vee < 4.75) 
INT (4.75 < Vcc < 5.75) 
(Vcc < 4.75) 
(All Other (Except Timer) 



















Input High Voltage Timer 
Timer Mode 
Self-Check Mode 


Input Low Voltage 
RESET 
INT 
All Other 


RESET Hysteresis Voltages 
“Out of Reset” 
“Into Reset’’ 






















INT Zero-Crossing Voltage, Through a Capacitor 


Internal Power Dissipation — (No Port Loading, Ta =0°C 
Vcc =5.75 V for Steady-State Operation) Tp = — 40°C 







Input Capacitance 
XTAL 
All Other 


Low Voltage Recover 












Low Voltage Inhibit 





Input Current 
TIMER (Vin = 0.4) 
INT (Vin = 2.4 V to Vcc) 
EXTAL (Vin = 2.4 V to Vcc Crystal Option) 
(Vin =0.4 V Crystal Option) 
RESET (Vjn =0.8 V) 
(External Capacitor Charging Current) 










*Due to internal biasing this input (when unused) floats to approximately 2.0 V. 


SWITCHING CHARACTERISTICS (Vcc = + 5.25 Vde +0.5 Vde, Vgg =0 Vde, Ta = TL to TH) 
aa : ee 









































































Characteristic es Symbol Min Typ a Max ah Unit | 
Oscillator Frequency fosc 0.4 | a 4.2 [ MHz | 
eveame (4/fosc) i= teyc _ 0.95 | — _| 10 i WS J 
A and TIMER Pulse Width | tWL- tWH toyc + 250 a — + — ns 
RESET Pulse Width tRWL teyc + ck — — iz ns | 
RESET Delay Time (External Capacitance = 1 4.F) | tRHL — th 100 — ms | 
INT Zero-Crossing Detection Input Frequency _| TINT 0.03 — 1.0 kHz | | 
External Clock Input Duty Cycle (EXTAL) His ee 40 | __50 60 C % = 
Crystal Oscillator Start-Up Time | — = — 100 ms 
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PORT ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vde +0.5 Vdc, Vgg=0 Vdc, Ta=T| to Ty, unless otherwise noted) 


[harass «| Sambo | Min | tw | ox unt 
Port A with CMOS Drive Enabled 
Output Low Voltage, ILoad=1.6 mA he eH 












, 






Output High Voltage, ILoad= — 100 »A Von | 24 | 
Output High Voltage, I_oad= — 10 pA Vo Vcc-—1.0 
, | 
. | 
| 


C 


V 
Input High Voltage, ILgaq= — 300 pA (max.) V 
Input Low Voltage, ILgaq= — 500 pA (max.) V 
Hi-Z State Input Current (Vin = 2.0 V to Vcc) | 
Hi-Z State Input Current (Vj, =0.4 V) | 


Port B 


— 300 
— 500 


pu 


ho 
o>) 
OQ 


nt 


Output Low Voltage, ILgqaq=3.2 MA Vo 


L 

H 

H 

H 

L 

L 

fee 
| Output Low Voltage, ILoad=10maisink | VOL 
= H 
H 
H 
IL 









V 


= 
oO 


O 
| 
H 

O 


, 


2.4 

VSs 
Output High Voltage, || oad = — 200 pA Vo 2.4 
Darlington Current Drive (Source), VQ=1.5 V lo —1.0 
Input High Voltage VI 
Input Low Voltage V 
Hi-Z State Input Current ITSI hs en 


Port C and Port A with TTL Drive 


> 


» <| i 
QO — 
Alo 


oO 


NO 
Oo 


<2 








QO 
oO 


Output Low Voltage, IL oaq=1.6 mA 


< 
= 


< 
N 
ass 


Output High Voltage, ILoaq= — 100 pA H 


Input High Voltage ViH 
VIL 
H 
H 


NO 
So 
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Vcc =5.75 V 










Test MMD6150 
Point or Equiv. 





1.45 kQ 


MMD7000 
or Equiv. 


Figure 11. TTL Equivalent Test Load 
(Port B) 


Vcc =5.75 V 


Test MMD6150 
Point or Equiv. 





2.91 kf) 





30 pF 
(Total) 


MMD7000 
or Equiv. 


Figure 13. TTL Equivalent Test Load 
(Ports A and C) 
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Figure 17. Typical Input Protection 
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Figure 12. CMOS Equivalent Test Load 
(Port A) 
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Figure 14. Open-Drain Equivalent Test Load 
(Port C) 


VDD 





1-10k Typ. 





PB DDR 
PB Data 


IP = Input Protection 


Figure 16. Port B Logic Diagram 
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Measurement Circuit 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS, disk file 

MS-DOS/PC-DOS disk file 

EPROM(s) MC68705U3, 2532, 2732, or two 2516/2716 


To initiate a ROM pattern for the MCU, it is necessary to. 


first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


Several types of flexible disks (MDOS® or MS®-DOS/ 
PC-DOS disk file), programmed with the customer’s pro- 
gram (positive logic sense for address and data), may be 
submitted for pattern generation. In either case, the dis- 
kette should be clearly labeled with the customer’s name, 
date, project or product name, and the name of the file 
containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MDOS Disk File 


MDOS is Motorola’s Disk Operating System available 
on the EXORciser® development system. The disk media 
submitted must be a single-side, single-density, 8-inch 
MDOS compatible floppy diskette. The diskette must con- 
tain the minimum set of MDOS system files in addition 
to the pattern file. 

The .LO output of the M6805 cross assembler should 
be furnished. In addition, the file must be produced (using 
the ROLLOUT command) containing the absolute image 
of the M6805 memory. Include the entire memory image 
of both data and program space. All unused bytes, in- 
cluding those in the user space, must be set to zero. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is IBM® Personal Computer (PC) Disk Operating System. 
Disk media submitted must be a standard density (360K) 
double-sided 5 1/4 inch compatible floppy diskette. The 
diskette must contain object file code in Motorola's S- 
record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


A MC68705U3, 2532, 2732, 2516 (2), or 2716 (2) type 
EPROM(s), programmed with the customer's program 
(positive logic sense for address and data) may be sub- 
mitted for pattern generation. Since all program and data 
space information will fit on one MC68705U3/2532/2732 
or two 2516/2716 type EPROM(s), the EPROM(s) must be 
programmed as described in the following paragraph. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 
EXORciser is a registered trademark of Motorola Inc. 


For the 2532, 2732, or MC68705U3, the ROM code should 
be located from $080 to $F37 and the interrupt vectors 
from $FF8 to $FFF. For the 2516s or 2716s, the ROM code 
should be located from $080 to $7FF in the first EPROM 
and from $0 to $737 in the second EPROM. The interrupt 
vectors should be in the second EPROM from $7F8 to 
$7FF. - 


EPROM MARKING 


[vo} c© 
= 
o § OS 
nae c= 
= 6 N © 
in Lm 
NI N 


2532/2732 
68705R3 





oS 
oS 


xxx = Customer ID 


VERIFICATION MEDIA 


All original pattern media (EPROMs or floppy disk) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for creation of the customer’s mask. To aid in 
the verification process, Motorola will program customer 
supplied blank EPROM(s) or DOS disk from the data file 
used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are usually unmarked, packaged in ceramic, and tested 
at room temperature and at five volts. These RVUs are 
free with the minimum order quantity but are not pro- 
duction parts. These RVUs are not guaranteed by Mo- 
torola Quality Assurance. 


ORDERING INFORMATION 


The following table provides generic information per- 
taining to the package type, temperature, and MC order 
numbers for the MC6805U3. 


Table 5. Generic Information 


Package Type Order Number 










Plastic 0°C to 70°C MC6805U3P 
(P Suffix) — 40°C to +85°C | MC6805U3CP 


Cerdip 0°C to 70°C MC6805U3S 
S Suffix —40°C to +85°C | MC6805U3CS 
PLCC 0°C to 70°C MC6805U3FN 
FN Suffix — 40°C to +85°C MC6805U3CFN 


IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 


MC6805U3 


MECHANICAL DATA 


Dual-in-Line Package 





PLCC Package 


XTAL 

(Vss) NUM 
TIMER 

PCO 

PC1 

PC2 

PC3 

PC4 

PC5 

NC 


LJ CI CJ CS LI oC CJ LJ LJ Co Co 
~m IN WOO St MN -— © 
SoOrFaAaaA BYadaaas 
a@ajzaasadcada 

oO 

O 

Oo 





PA3 
PA2 
PA1 
PAO 
PB7 
PB6 
PB5 
PB4 
PB3 
PB2 
PB1 
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Technical Summary 
8-Bit EPROM Microcomputer Unit 


The MC68705P3 (High-Density NMOS) Microcomputer Unit (MCU) is an EPROM member of the 
MC6805 Family of microcomputers. The user programmable EPROM allows program changes and 
lower volume applications. This low cost MCU has parallel I/O capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor- 
mation, refer to M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 






















e Interna! 8-Bit Timer with 7-Bit @ Bit Test and Branch Instruction 
Programmable Prescaler e@ Vectored Interrupts 
@ On-chip Oscillator @ Bootstrap program in ROM 
@ Memory Mapped I/O @ 1804 Bytes EPROM 
e@ Versatile Interrupt Handling @ 112 Bytes RAM 
@ Bit Manipulation @ 20 TTL/CMOS Compatible Bidirectional I/O Lines 
BLOCK DIAGRAM 
\ 
XTAL EXTAL RESET INT 
Timer/ 
TIMER MP 
: 
a 
PBO 
Accumulator PBI 
9g A PR? Port 
CPU Data Port B 
PB3 
Index Control Dir B Ppa =: 1/0 
- Register Reg | Reg PB5 Lines 
PAO« a PB6 
PAI Condition > PB7 
Port pag Port | Data Code 
A PA3 A Dir Register cc 
1/0 PA4 R R 
Lines PAS = Stack 
PA6 Pointer 
PA7 PCO Port 
coat Pata en PCl C 
| Counter Be Be PC2 1/0 
: 1804 X 8 3: 9) PCH a tea a PC3 Lines 
EPROM Program 
Counter 
115 X 8 LOW pc, 
Bootstrap ROM 112 X8 
RAM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vcc is +5.25 volts (+0.5A) power, and Vss¢ is 
ground. 


VPP 
This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vcc. 


INT 

This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 

These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by the CLK 
bit in the mask option register. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 











MCU 





MEX TAL (Crystal Option, External ~ 

MOR b7=0, Clock 

ae Dai iss See Note 1) Input 
(See Note 2) = 
Crystal 
Crystal Parameters Cy 
EXTAL Ly Rs XTAL 
4 Cs 5 


AT — Cut Parallei Resonance Crystal 
Co=7 pF Max. 

Freq= 4.0 MHz2@C; = 24 pF 

Rs =50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Cg, Cy, and Rs values. 


NOTES: 





i XTAL 


EXTAL 


8.0 
70 
60 
5.0 
40 
3.0 


20 


Oscillator Frequency (MHz) 


1] 10 20 30 40 50 60 70 80 
Resistance (kf) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option only 


are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. 


External Clock 

An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 


TIMER 


This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 















YY TAL 


MCU MCU 
(Crystal Option, (RC Option, 
MOR b7=0, EXTAL MOR b7=1, 
See Note 1) See Note 1) 


Approximately 25% to 50% Accuracy 
Typical toyc= 1 25 us 
External Jumper 


External Clock 






VCC 
4 XTAL 
MCU 
: (RC Option, 
No] EXTAL Mor b7=1, 
Connection See Note 1) 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 





1. When the TIMER input pin is in the VjyTp range (in the bootstrap EPROM programming mode), the crystal option is forced. 
When the TIMER input is at or below Vcc, the clock generator option is determined by bit 7 of the mask option register (CLK). 

2. The recommended C, value with a 4.0 MHz crystal is 27 pF maximum including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on 
EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


Figure 1. Oscillator Connections 
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higher voltage level used to initiate the bootstrap pro- 
gram. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. Refer 
to RESETS section for more detail. 





INPUT/OUTPUT LINES (PA0-PA7, PB0O-PB7, PCO-PC3) 


These 20 lines are arranged into two 8-bit ports (A and. 
B) and one 4-bit port (C). All lines are programmable as 
either inputs or outputs under software control of the 
data direction registers. Refer to PROGRAMMING for ad- 
ditional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Any port pin is programmable as either input or output 
under software control of the corresponding write-only 
data direction register (DDR); DDRs always read ‘1’. The 
port I/O programming is accomplished by writing the 
corresponding bit in the port DDR te a logic 1 for output 
anda logic 0 for input. On reset, ati the DDRs are initialized 
to a logic 0 state to put the ports in the input mode. The 












Data 
Direction Register 
Bit* 


72) 
rr) 6 Latched 
= 9 Output 
2 € Data 
= oO Bit 

Oo 

*DODR is a write-only register and reads as ail ‘’1s’’. 

; PORT DATA REGISTER 0 





Port A Addr= $000 


Port B Addr= $001 
Port C Addr= $002 (Bits O-—>3) © 


port output registers are not initialized on reset and should 
be written to before setting the DDR bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (0) and also the latched output when the 
DDR is an output (1). Refer to Table 1 for I/O functions 
and to Figure 3 for typical port circuitry. 


Table 1. /O Pin Functions 


Data 


Direction Output 


Register Data 
Bit Bit 





**Ports A (with CMOS drive disabled), B, and C are three state 
ports. Port A has optional internal pullup devices to provide 
CMOS drive capability. See Electrical Characteristic tables for 
complete information. 








PORT DATA DIRECTION REGISTER (DDR) 





(1) Write Only; reads as all ‘1s’ 
(2) 1= Output; 0= Input. Cleared to 0 by reset. 
(3) Port A Addr = $004 

Port B Addr= $006 

Port C Addr = $006 (Bits O—=3) » 


Figure 3. Typical Port I/O Circuitry and Register Configuration 
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MEMORY 


The MCU is capable of addressing 2048 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of user EPROM, bootstrap ROM, 
RAM, a mask option register (MOR), a program control 
register, and I/O. The interrupt vectors are located from 
$7F8 to $7FF. The bootstrap is a mask-programmed ROM 
that allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 
Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 0 
000 
1/O Ports Timer 
p and 
age Zero RAM 
Access with (128 B ) 
Short 127 = 
Instructions 128 Page Zero 
User EPROM 
255 (128 Bytes) 


Main User 
EPROM 
(1668 Bytes) 


1924 Mask Option Reg 


Bootstrap 
ROM 
(115 Bytes) 


2040 Timer Interrupt 

2042 External Interrupt 
Interrupt 2043 
Vectors 2044 





7 0 
INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 0 
PROGRAM COUNTER (PC) 


The program counter is an 11-bit register that contains 
the address of the next byte to be fetched. 


10 8 7 0 


STACK POINTER (SP) 


The stack pointer is an 11-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 


4 32 1 0 
Port A $000 
Port B $001 
1111 Port C 4$002 
Not Used $003 
Port A DDR * $004 
Port B DDR* $005 
1 1 [Port CDDRY $006 


— © 


Oo O© NY DMD MO & W NY 


Not Used $007 
Timer Data Reg $008 
Timer Control Reg $009 
Not Used SOOA 
Programming 
Control Reg —F 
Not Used $00C-OOF 
$010 
(112 Bytes) 
Stack 
(31 Bytes Maximum) 
$07F 


Caution: Data Direction Registers (DORs) are write-only; they read as $FF. 


Figure 4. Memory Map 
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The six most-significant bits of the stack pointer are 
permanently set at 000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

0 


10 5 4 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. 
4 0 
Paftiinizie. 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 
When set, this bit indicates that the result of the last 


arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic 1). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 








POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRH, milliseconds is required before 


allowing the RESET input to go high. Connecting a ca- 


pacitor to the RESET input (Figure 5) typically prowiaee 
sufficient delay. 





Figure 5. Power-up RESET Delay Circuit 


EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES — to provide an internal reset voltage. 


INTERRUPTS 


The MCU can be interrupted three different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, or (3) using the software 
interrupt instruction (SWI). 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and then 
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


7. 6 5 4 °3 1 Pull 
— 
Code Register 
Push 


*For subroutine calls, only PCH and PCL are stacked. 










n+) 





n+2 


n+3 





n+4 


n+5 


Figure 6. Interrupt Stacking Order 


MOTOROLA MICROPROCESSOR DATA 
3-572 





MC68705P3 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 
(| bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


If the timer mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 











1—I Bit (in CC) Clear 


O7F-—SP 
O-—-DDRs 
CLR INT Logic 
FF Timer 
7F-—Prescaler 
7F-—TCR 








Put 7FE on 
Address Bus 






Fetch 
Instruction 






Is Fetched 
Instruction 
a SWI? 


RESET \ 


Pin = High 





Load PC 


from 


7FE/7FF 
Execute All 


Instruction 
Cycles 











an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack, and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT. Clearing the | bit 
enables the external interrupt. The following paragraphs 
describe two typical external interrupt circuits. 














lear Stack 

INT PC, X, A, CC 
Request 

Latch 


Load PC From: 
SWI: 7FC/7FD 


INT: 7FA/7FB 
TIMER: 78/759 








Figure 7. Reset and Interrupt Processing Flowchart 
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Zero-Crossing 


A sinusoidal input signal (fj yt maximum) can be used 
to generate an external interrupt (see Figure 8a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit. allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 


Digital-Signal Interrupt 

With this type of circuit (Fibure 8b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw 1, tWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 


(a) Zero-Crossing Interrupt 


ac 
Input 


(fing Max.) Limiting) 
Rs1 MQ 
ac Inputs 8 0.1-1.0 


(Current 





is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. Various timer sources are made via the timer con- 
trol register (TCR). The 8-bit counter may be loaded under 
program control and is decremented toward zero. When 
the timer reaches zero, the timer interrupt request bit (bit 
7) in the timer control register (TCR) is set. Refer to Figure 
9 for timer block diagram. 

Timer interrupt can be masked (disabled) by setting the 
timer interrupt mask bit (bit 6) in the TCR. When the | bit 
in the condition code register is cleared, and TCR bit 6 is 
cleared, the processor receives the interrupt. The MCU 
responds to this interrupt by 1) saving the present CPU 
state on the stack, 2) fetching the timer interrupt vector, 


(b) Digital-Signal Interrupt 





Figure 8. Typical Interrupt Circuits 
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Figure 9. Timer Block Diagram 
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and 3) executing the interrupt routine. Timer interrupt 
request bit must be cleared by software. Refer to RESETS 
and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1; however, TCR bit 3 always reads as a logic 0 
to ensure proper operation with read-modify-write in- 
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. TDR is unaffected by reset. 


SOFTWARE CONTROLLED MODE 


The timer prescaler input can be configured for three 
different operating modes plus a disable mode, depend- 
ing on the value written to TCR control bits 4 and 5 (TIE 
and TIN). The following paragraphs describe the different 
modes. 


Timer Input Mode 1 


When TIE and TIN are both programmed to zero, the 
timer input is from the internal clock (phase 2) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 


Timer Input Mode 2 


When TIE=1 and TIN=0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is +1. 


Timer Input Mode 3 


When TIE =0 and TIN =1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. 


Timer Input Mode 4 


When TIE and TIN are both one, the timer input is from 
the external clock. The external clock can be used to count 
external events as well as to provide an external fre- 
quency for generating periodic interrupts. 


MOR CONTROLLED MODE 


This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic 1. The timer circuits are the same 
as described in SOFTWARE CONTROLLED MODE. The 
logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore, bits 0, 1, 2, and 5 in the MOR control the pres- 
caler division and the timer clock selection. TIE (bit 4) and 
PSC (bit 3) in the TCR are set to a logic 1 when in the 
MOR controlled mode. TIM (bit 6) and TIR (bit 7) are 
controlled by the counter and software. 


TIMER CONTROL REGISTER (TCR) $009 


This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. When the MOR 
TOPT =1, then bits 5, 2, 1, and 0 in the TCR take on the 
corresponding bits of the MOR during reset. 


7 6 5 4 3 2 1 0 
me fm} 1 fs fa ft Pa ft | 
RESET: 

0 1 U U 


TCR with MOR TOPT = 1 (MC6805P2/P6 Emulation) 


7 6 5 4 3 2 1 0 


RESET: 
0 1 


TCR with MOR TOPT =0 (Software Programmable Timer) 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 
1= Set when the timer data register changes to all 
zeros 
0=Cleared by external reset, power-on reset, or 
under program control 


TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt. 
1=Interrupt inhibited 
0=Interrupt enabled 


TIN — External or Internal 
Selects input clock source 
1=External clock selected 
0=Internal clock selected (fosc/4) 


TIE — TIMER External Enable 
Used to enable external TIMER pin 
1=Enables external timer pin 
0=Disables external timer pin 


PSC — Prescaler Clear 
Write only bit. Writing a 1 to this bit resets the pres- 
caler to zero. A read of this location always indicates 
a zero. 


PS2, PS1, PSO — Prescaler Select Bits 
Decoded to select one of eight outputs of the pres- 
caler 
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MASK OPTION REGISTER (MOR) 


The MOR is implemented in EPROM and contains all 
zeros prior to programming. This register is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 


| 6 5 4 3 2 1 0 
| cx | roer| cis | me | | pe | pr | ro 
CLK — Clock (oscillator type) 
1= Resistor Capacitor (RC) 
0=Crystal 
TOPT — Timer Option 
1 =MC6805P2/P6 type timer/prescaler. All bits ex- 
cept 6 and 7 of the TCR are invisible to the user. 
Bits 5, 2, 1, and 0 of the MOR determine the 
equivalent MC6805P2/P6 mask options. 
0=AlIlI TCR bits are implemented as a software pro- 
grammable timer. The state of MOR bits 5, 4, 
2, 1, and O sets the initial values of their re- 
spective TCR bits. 
CLS — Timer/Prescaler Clock Source 
1=External TIMER pin 
0=Internal clock 
TIE — Timer External Enable 
Not used if TOPT=1. Sets the initial value of TIE in 
the TCR if TOPT=0. 
1=Not used 
0= Sets initial value of TIE in the TCR 
P2, P1, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 





PROGRAMMING CONTROL REGISTER (PCR) 


The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming, so 
the user need not be concerned with PCR in most appli- 
cations. 


7 6 5 4 3 2 1 0 
ptf | Pa | | vow] roe | re 
RESET: 

U U U U U uU 1 1 


PLE — Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any- 
time. 
1=Read EPROM 
_____ 0=Latch address and data on EPROM 
PGE — Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 
1=Inhibit EPROM programming 
_____0=Enable EPROM programming (if PLE is low) 
VPON — Vpp On 
A read-only bit that indicates high voltage at the Vpp 
pin. When set to “1”, disconnects PGE and PLE from 
the chip. 
1=No high voltage on Vpp pin 
0=High voltage on Vpp pin 


NOTE 


VPON being ‘‘0” does not indicate that the Vpp level 
is correct for programming. It is used as a safety 
interlock for the user in the normal operating mode. 


VPON| PGE | PLE | _ Programming Conditions 


Programming Mode (Program EPROM 
Byte) 


cae Ss PGE and PLE Disabled from System 


KA sce 
and Data in EPROM) 

| 1 | 1 | 0 |PGE and PLE Disabled from System_| 
| 0 | 0 | 1 invalid state: PGE=OifPLE=0 | 
| 1 [ o | 1 [Invalid state: PGE=oif PLE=0 | 
| 1 | 1 |"High Voltage” onVpp 


1 PGE and PLE Disabled from System 
(Operating Mode) 


EPROM PROGRAMMING 












PROGRAMMING 


The MCU bootstrap program can be used to program 
the MCU EPROM. 

A 2764 UV EPROM must first be programmed with the 
same information that is to be transferred to the MCU 
EPROM. Refer to application note, WC68705P3/R3/U3 
8-bit EPROM Microcomputer Programming Module 
(AN-857 Rev 2) for a schematic diagram and instructions 
on programming the MCU EPROM. 


EMULATION 


The MC68705P3 emulates the MC6805P2 and MC6805P6 
“exactly.” The MC6805P2/P6 mask features are imple- 
mented in the mask-option register (MOR) EPROM byte 
on the MC68705P3. A few minor exceptions to the ex- 
actness of emulation are listed below: 


1. The MC68705P2/P6 “future ROM” area is imple- 
mented in the MC68705P3, and these 704 bytes must 
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be left unprogrammed to accurately simulate the 
MC6805P2/P6. The MC6805P2/P6 read all “Os” from 
this area. 


2. The reserved ROM areas in the MC6805P2/P6 and 
the MC68705P3 have different data stored in them. 
This data is subject to change without notice. The 
MC6805P2/P6 use the reserved ROM for the self- 
check feature, and the MC68705P3 uses this area for 
the bootstrap program. 


3. The MC6805P2/P6 read all ‘1s’ in its 48-byte ‘future 
RAM” area. This RAM is not implemented in the 
MC6805P2/P6 mask ROM versions but is imple- 
mented in the MC68705P3. 


4. The Vpp line (pin 6) in the MC68705P3 must be tied 
to Vcc for normal operation. In the MC6805P2/P6, 
pin 6 is the NUM pin and is grounded in normal 
operation. 


5. The LVI feature is not available in the MC68705P3. 
Processing differences are not presently compatible 
with proper design of this feature in the EPROM 
version. 


The operation of all other circuitry has been exactly 
duplicated or designed to function identically in both de- 
vices including interrupts, timer, data ports, and data di- 
rection registers (DDRs). A design goal has been to provide 
the user with a safe, inexpensive way to verify a program 
and system design before committing to a factory pro- 
grammed ROM: 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 


[stn ane 
eanemvnn. cla 
avo 
aoe 
sue 















— Continued — 








Subtract Memory from A with Borrow | spc | 
AND Memory to A | AND 
OR Memory with A fA 








Exclusive OR Memory with A 
Arithmetic Compare A with Memory 
Arithmetic Compare X with Memory 


Bit Test Memory with A (Logical Compare) 
Jump Unconditional 


Jump to Subroutine 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


Function | Mnemonic 
JIncrement 
[Decrement | 
Clear 
Complement | COM 
[Negate (2's Complement) | NEG 
ROL 
| ROR 
ts | 
tsk 
| ASR 
et 























BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 











Branch Always 


Branch Never 


Branch if Higher 


Branch if Lower or Same 
Branch if Carry Clear 
(Branch if Higher or Same) 
Branch if Carry Set 





(Branch if Lower) 


— Continued — 
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(Branch if Higher or Same) 


[Branch ifNotEqual | BNE 
[Branch ifEqual | BE 
Branch itMinus | 









Branch if Interrupt Line is Low . 
Branch if Interrupt Line is High 
Branch to Subroutine 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


| Function | Mnemonic 
ATI 
RSP 

[| No-Operation TN 
















BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space, where 


all port registers, port DDRs, timer, timer control, and on- 


chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 


code register. Refer to the following list for bit manipu- 
lation instructions. | 


| Function | Mnemonic 


OPCODE MAP SUMMARY 


Table 2 is an opcode map for the instructions used on 
the MCU. . 













ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov- 
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single byte instruc- 
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. Two byte direct ad- 
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
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R DIR 


BMI 
REL 


BMC INC 


aan 


aor 


ate a 


Table 2. Opcode Map 
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Abbreviations for Address Modes 


INH Inherent 
IMM Immediate 
DIR Direct 


EXT Extended 
REL Relative 
BSC Bit Set/ Clear 


BTB Bit Test and Branch 

IX Indexed (No Offset) 

1X1 indexed, 1 Byte (8-Bit) Offset 
1X2 Indexed, 2 Byte (16-Bit) Offset 


# of Cycles 
Mnemonic 
Bytes 


4 
CPX 












or er a ie ir a a oS 
IMM cmt a 


4 6 
se a 
IX2]20 XI 


if 


i. IX Ot 


| Gi 
—_ © O © @ 
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= o s' 


1 IX WV 


Opcode in Hexadecimal 


Opcode in Binary 


Address Mode 
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Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from 
the opcode address. 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this 2-byte in- 
struction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this 3-byte 
instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 


the specified bit is to be set or cleared. Any read/write 


bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single 2-byte instruc- 
tion. 


CAUTION 


The corresponding DDRs for ports A, B, and C are’ 
write only registers (registers at $004, $005, and 
$006). A read operation on these registers always 
returns 1". Since BSET and BCLR are read-modify- 
write functions, they cannot be used to set or clear 
a DDR bit (all “unaffected” bits would be set). It is 
recommended that all DDR bits in a port be written 
using a single-store instruction. | 


- BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear) is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single 3-byte in- 
struction allows the program to branch based on the con- 
dition of any readable bit in the first 256 locations of 
memory. The span of branching is from —125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


Supply Voltage 


Input Voltages 
EPROM Programming Voltage 
(Vpp Pin) 
TIMER Pin (Normal Mode) 
TIMER Pin (Bootstrap 
Programming Mode) 
All Others 
























Junction Temperature 
Cerdip 


THERMAL CHARACTERISTICS 


Characteristic | 


Thermal Resistance 
Cerdip 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 
Ty=Tpat+ (Pp * 8ya) (1) 








where: | 
Ta = Ambient Temperature, °C 


6jA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
Pp. = Pintt+Pvo 


Pint =!cc Vcc, Watts — Chip Internal Power 
PiiQ = Power Dissipation on Input and Output 
Pins — User Determined 


Vcc=5.75V 











Point or Equiv 15k 
40 pF MMD7000 


Figure 10. TTL Equivalent Test Load 
(Port B) 










—0.3 to +22.0 
—0.3 to +7.0 


—0.3 to + 15.0 
—0.3 to +7.0 


Vin 
Vin 
Operating Temperature Range TL to TH a 0s 
0 to +70 


Storage Temperature Range —55 to + 150 


eae _ 


Test Point a 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, normal pre- 
cautions be taken to avoid application of any 
voltage higher than maximum-rated volt- 
ages to this high-impedance circuit. For proper 
operation, Vin and Voyt should be con- 
strained to the range Vss < (Vjn or Vout) = 
Vcc. Reliability of operation is enhanced if 
unused inputs except EXTAL are tied to an 
appropriate logic voltage level (e.g., either 


Vss or Vcc). 


For most applications P);Q<P)\7 and can be neglected. 
The following is an approximate relationship between 
Pp and Ty (if Pio is neglected): 


Pp=K=(Ty+273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp * (Tat 273°C) +6 sn * Pp? (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ta. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta. 










Vcc =575V 
Test MMD6150 


P 
oint or Equiv 297k 


MMD 7000 
or Equiv 


30 pF 
(Total) 


Figure 12. TTL Equivalent Test Load 


(Ports A and C) 
30 pF (Total) 





— 


Figure 11. CMOS Equivalent Test Load 
(Port A) 
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ELECTRICAL CHARACTERISTICS (Vcc =5.25 +0.5 Vdc, Vgg=0 Vdc, Ta =0°C to 70°C, unless otherwise noted) 


| Characteristic | Symbol | Min | Typ | Max | Unit 
V 


Input High Voltage VIH- 
RESET (4.75 < Vcc < 5.75) — 
~ (Vcc < 4.75) 
INT (4.75 < Vcc = 5.75) 
(Vcc < 4.75) | 
All Other. 





Input High Voltage (TIMER Pin) Vin 
Timer Mode 
Bootstrap Programming Mode 


CO Rh 
oo 
N | 
oO 
aS 
oom 
E 


Input Low Voitage VIL 
RESET | 
INT 
All Other 


Internal Power Dissipation (No Port Loading, Vcc =5.25 V, PINT 
Ta =0°C) 


Input Capacitance Cin 
XTAL 
All Other 











INT Zero-Crossing Voltage, through a Capacitor VINT 
RESET Hysteresis Voltage . 
Out of Reset Voltage VIRES + 
Into Reset Voltage VIRES— 


Programming Voltage (Vpp Pin) Vpp* 
Programming EPROM 
Operating Mode 









Input Current 
TIMER (Vjp =0.4 V) 
INT (Vin =0.4 V) 
EXTAL (Vin =2.4 V to Vcc Crystal Option) 
(Vin =0.4 V Crystal Option) 
RESET (Vjpn = 0.8 V) 
(External Capacitor Changing Current) 











*Vpp is pin 6 on the MC68705P3 and is connected to Vcc in the normal operating mode. In the MC6805P2, pin 6 is NUM and is 
connected to Vss in the normal operating mode. The user must allow for this difference when emulating the MC6805P2 ROM- 
based MCU. 

**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 







. 5 V Dip’ 
cc In Power 
RESET 
Pin 
tRHL 
internal 
Reset 


Figure 13. Power and Reset Timing 
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PORT DC ELECTRICAL CHARACTERISTICS (Vcc = +5.25 +0.5 Vdc, Vgg=0 Vdc, Ta =0° to 70°C, unless otherwise noted) 





External Clock Duty Cycle (EXTAL) 


PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS (Vcc= +5.25 +0.5 Vdc, Vss =0 Vde, Ta = 20° to 30°C, unless 


otherwise noted) 


Characteristic Symbol 
Programming Voltage (Vpp Pin) | Vpp 


Vpp Supply Current 
Vpp=5.25 V 
Vpp=21.0 V 


Programming Oscillator Frequency 


VPP 
Bootstrap Programming Mode Voltage (TIMER Pin) Ijp = 100 VIHTP 
pA Max 
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Vcc O 


Port DDR | 
Port Data 






IP =Input Protection 


Figure 14. Port A Logic Diagram 


Vcc 





Port DDR 
Port Data 


IP =Input Protection 


Figure 15. Port B and Port C Logic Diagram 


; | 
Test Point «————- 





PAD To I/O Logic 
a Vary V, 
+ Measure | 
Figure 16. Typical Input Protection Figure 17. v0 Characteristic 


Measurement Circuit 
ORDERING INFORMATION 


The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705P3. 


Table 3. Generic Information - 


Internal Clock 
Package Type Frequency (MHz) Temperature Order Number . 


Cerdip (S Suffix) 0° to 70°C MC68705P3S 
Cerdip (S Suffix) —40° to +85°C | MC68705P3CS 
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MECHANICAL DATA 


PIN ASSIGNMENTS 


RESET 
PAT 
PA6 
250) PAS 
PA4 
23f] PAS 
22f) Pa2 
PAI 
20) PAO 
PB7 
PB6 
17) PBS 
16) PB4 
159) PB3 
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TECHNICAL DATA MiC68705P5 


Technical Summary 
8-Bit EPROM Microcomputer Unit 


The MC68705P5 (High-Density NMOS) Microcomputer Unit (MCU) is an EPROM member of the 
MC6805 Family of microcomputers. The user programmable EPROM allows program changes and 
lower volume applications. This low cost MCU has parallel I/O capability with pins programmable 
as input or output. This publication contains condensed information on the MCU; for detailed infor- 
mation, refer to M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact 
your local Motorola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

e@ Internal 8-Bit Timer with 7-Bit Programmable Prescaler 
On-chip Oscillator 


@ Memory Mapped |/O 

@ 
112 Bytes RAM e 

@ 

® 


Versatile Interrupt Handling 
Bit Manipulation 

Bit Test and Branch Instruction 
Vectored Interrupts 


1804 Bytes EPROM 
20 TTL/CMOS Compatible Bidirectional I/O Lines 
EPROM Security Features (Hardware and Software) 





BLOCK DIAGRAM 
























XTAL EXTAL RESET INT 
Timer/ 
TIMER Vpp 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcomputer using these 
two pins. Vcc is + 5.25 volts (+0.5A) power, and Vs¢ is 
ground. 


VPP 
This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vcc. 


INT 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detail information. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal is connected to these pins 
to provide a system clock. Selection is made by the CLK 
bit in the mask option register. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 


















Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup statilization time. 


External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input connected to ground, as shown in 
Figure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 


TIMER 


This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the bootstrap pro- 
gram. 


RESET 

This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. Refer 
to RESETS for addition information. 





INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO-PC3) 


These 20 lines are arranged into two 8-bit ports (A and 
B) and one 4-bit port (C). All lines are programmable as 























| XTAL XTAL 
(ons) — a MCU 
4 (Crystal Option, tern (Crystal Option, (RC Option, 
CL co See Note 1) Input See Note 1) See Note 1) 
(See Note 2) x 
Crystal 
External Clock Approximately 25% to 50% Accuracy 
External Jumper 
Crystal Parameters Cy 
EXTAL Ly Rs XTAL 
4 om 5 VCC 
XTAL 
MCU 
(RC Option, 

oy — Cut Parallel Resonance Crystal No EXTAL mor b7=1, 

=7 pF Max. See Note 1) 

° Connect ee Note 
Freq=4.0 MHz@C; = 24 pF nection 
Rs =50 ohms Max. 
Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow Approximately 10% to 25% Accuracy 
ceramic resonator manufacturer's sug- (Excludes Resistor Tolerance) 
gestions for Co, Cz, and Rs values. External Resistor 
NOTES: 


1. When the TIMER input pin is in the Vi Tp range (in the bootstrap EPROM programming mode), the crystal option is forced. 
When the TIMER input is at or below Vcc, the clock generator option is determined by bit 7 of the mask option register (CLK). 

2. The recommended C, value with a 4.0 MHz crystal is 27 pF maximum including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on each 
pin should be scaled as the inverse of the frequence ratio. For example, with a 2 MHz crystal, use approximately 50 pF on EXTAL 
and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


Figure 1. Oscillator Connections 


MOTOROLA MICROPROCESSOR DATA 


3-587 








MC68705P5 


8.0 
70 
6.0 
5.0 
4.0 
3.0 


2.0 


Oscillator Frequency (MHz) 


0 10 20 30 40 50 60 70 80 
Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


either inputs or outputs under software control of the 
data direction registers. Refer to PROGRAMMING for aa- 
ditional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Any port pin is programmable as either input or output 
under software control of the corresponding write-only 
data direction register (DDR). DDRs always read “‘one”’. 
The port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 













Data 
Direction Register 
Bit* 


” 
8 6 Latched 
£G Output 
2 c Data 
sao. Bit 
O 
* DDR is a write-only register and reads as all ‘1s’. 
4 PORT DATA REGISTER , 





Port A Addr= $000 
Port B Addr = $001 
Port C Addr = $002 (Bits 0—>3) 


and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 

When programmed a as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and also to the latched output when 
the DDR is an output (one). Refer to Table 1 for I/O func- 
tions and to Figure 3 for typical port circuitry. 


Table 1. I/O Pin Functions 


/O Pin Functions 
The I/O pin is in input mode. Data is | 
written into the output data latch. 
Data is written into the output data latch 
and output to the 1/O pin. 
The state of the I/O pin is read. 


The I/O pin is in an output mode. The 
output data latch is read. 

















PORT DATA DIRECTION REGISTER (DDR) 





(1) Write Only; reads as all ‘’1s” 
(2) 1= Output; 0= input. Cleared to 0 by reset. 
(3) Port A Addr= $004 

Port B Addr= $005 

Port C Addr= $006 (Bits 0—>3) 


Figure 3. Typical Port I/O Circuitry and Register Configuration 
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MEMORY 


The MCU is capable of addressing 2048 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of user EPROM, bootstrap ROM, 
RAM, a mask option register (MOR), a program control 
register, and I/O. The interrupt vectors are located from 
$7F8 to $7FF. The bootstrap is a mask-programmed ROM 
that allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 
Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 0 
1/O Ports Timer 
p and 
i age Zero RAM 
ccess with (128 Bytes) 
Short we 


Instructions Page Zero 
User EPROM 


(128 Bytes) 


Main User 
EPROM 
(1668 Bytes) 


Mask Option Reg 


Bootstrap 
ROM 
(115 Bytes) 


Timer Interrupt 


External Interrupt 


Interrupt 
Vectors 











INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 








PROGRAM COUNTER (PC) 


The program counter is an 11-bit register that contains 
the address of the next byte to be fetched. 


10 8 7 ee) 
fi PCH | PCL : | 


STACK POINTER (SP) 


The stack pointer is an 11-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is puijled from the stack. 








7.8 6-4. 3.2210 


Le 

Port B $001 
Port C 4$002 
[——Rowuser ——}0 
Farr ORF | 04 


Port B DDR* $005 


sa 
0 
os 
son 


Programming 
Control Reg ee 


$010 


acs ~ 


(112 Bytes) 
Stack 
(31 Bytes Maximum) 


$07F 


Caution: Data Direction Registers (DDRs) are write-only; they read as $FF 





Figure 4. Memory Map 
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The six most-significant bits of the stack pointer are 
permanently set at 000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 

0 


10 5 4 
jofofojofifi] os 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. 


4 0 
Pain z ic | 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (1) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) | | 
When set, this bit indicates that the result of the last 


arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). . 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. | 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 








POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 


voltage. A delay of tRHL milliseconds is required before ~ 


allowing the RESET input to go high. Connecting a ca- 
pacitor to the RESET input (Figure 5) typically provides 
sufficient delay. 





EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at VIRES — to provide an internal reset voltage. 


10 pF 





Figure 5. Power-up RESET Delay Circuit 


INTERRUPTS 


The MCU can be interrupted three different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, or (3) using the software 
interrupt instruction (SWI). 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which- 
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


726 5 4 3 2 1 =O Pull 
~ Condition 
rad Code Register 


PCL* 












n+) 


n+2 


n+3 


n+4 





n+5 


. Push 
*For subroutine calls, only PCH and PCL are stacked. 


Figure 6. Interrupt Stacking Order 
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When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked, 
(| bit clear) proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


If the timer mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
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O7F-—SP 
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7TFE/7FF 
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Instruction 
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Clear 


an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT. Clearing the | bit 
enables the external interrupt. The following paragraphs 
describes two typical external interrupt circuits. 















lear 
INT 

Request 

Latch 


Stack 
PC, X, A, CC 


| 


Load PC From: 
SWI. 7FC/7FD 


INT: 7EA/7FB 
TIMER: 7F8/7F9 








PC+PC+1 


Figure 7. Reset and Interrupt Processing Flowchart 
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Zero-Crossing 


A sinusoidal input signal (fj NT Maximum) can be used 
to generate an external interrupt (See Figure 8a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and thereby provides a 2f clock. 


Digital-Signal Interrupt 


With this type of circuit (Figure 8b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw i, tWH. 
Refer to TIMER for additional information. — 


(a) Zero-Crossing interrupt 


ac 






SOFTWARE INTERRUPT (SWI) 


~The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR). The 8-bit counter may be loaded 
under program control and is decremented toward zero. 
When the timer reaches zero, the timer interrupt request 
bit (bit 7) in the timer control register (TCR) is set. Refer 
to Figure 9 for timer block diagram. 


(b) Digital-Signal interrupt 


VCC 





Figure 8. Typical Interrupt Circuits 
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Figure 9. Timer Block Diagram 
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The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared and TCR bit 
6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by 1) saving the present 
CPU state on the stack, 2) fetching the timer interrupt 
vector, and 3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, TCR bit 3 always reads as a logic 
zero to ensure proper operation with read-modify-write 
instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. TDR is unaffected by reset. 


SOFTWARE CONTROLLED MODE 


The timer prescaler input can be configured for three 
different operating modes plus a disable mode, depend- 
ing on the value written to TCR control bits 4 and 5 (TIE 
and TIN). The following paragraphs describe the different 
modes. 


Timer Input Mode 1 


When TIE and TIN are both programmed to zero, the 
timer input is from the internal clock (phase two) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 


Timer Input Mode 2 


When TIE=1 and TIN=0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is +1. 


Timer Input Mode 3 


When TIE=0 and TIN =1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. 


Timer Input Mode 4 


When TIE and TIN are both one, the timer input is from 
the external clock. The external clock can be used to count 
external events as well as to provide an external fre- 
quency for generating periodic interrupts. 


MOR CONTROLLED MODE 

This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic one. The timer circuits are the 
same as described in SOFTWARE CONTROLLED MODE. 
The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore, bits 0, 1, 2, and 5 in the MOR control the pres- 
caler division and the timer clock selection. TIE (bit 4) and 


3 


PSC (bit 3) in the TCR are set to a logic one when in the 
MOR controlled mode. TIM (bit 6) and TIR (bit 7) are 
controlled by the counter and software. 


TIMER CONTROL REGISTER (TCR) $009 

This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. When the MOR 
TOPT =1, then bits 5, 2, 1, and 0 in the TCR take on the 
corresponding bits of the MOR during reset. 


7 6 5 4 3 2 1 0 
Pompe) sine et aaa aes 
RESET: 

0 1 U U 


TCR with MOR TOPT =.1 (MC6805P2/P6 Emulation) 


7 6 5 4 3 2 1 0 


RESET: 
0 1 
TCR with MOR TOPT =0 (Software Programmable Timer) 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 
1 = Set when the timer data register changes to all 
zeros | 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt 
1 =Interrupt inhibited 
0=Interrupt enabled 
TIN — External or Internal 
Selects input clock source 
1=External clock selected 
0=Internal clock selected (fgsc¢/4) 
TIE — TIMER External Enable 
Used to enable external TIMER pin 
1=Enables external timer pin 
0= Disables external timer pin 
PSC — Prescaler Clear 
Write only bit. Writing a 1 to this bit resets the pres- 
caler to zero. A read of this location always indicates 


a zero. 
PS2, PS1, PSO — Prescaler Select Bits 
Decoded to select one of eight outputs of the pres- 
caler 





MOTOROLA MICROPROCESSOR DATA 


3-593 








MC68705P5 


MASK OPTION REGISTER (MOR) 


The MOR is implemented in EPROM and contains all 
zeros prior to programming. This register is not affected 
by reset. The MOR bits are described in the following 
pals 


CLK — Clock (oscillator type) 
1 = Resistor capacitor (RC) 
0=Crystal 
TOPT — Timer Option 
1 = MC6805P2/P6 type timer/prescaler. All bits, ex- 
cept 6 and 7, of the TCR are invisible to the 
user. Bits 5, 2, 1, and 0 of the MOR determine 
the equivalent MC6805P2/P6 mask options. 
0=AIl TCR bits are implemented as a software pro- 
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re- 
spective TCR bits. 


CLS — Timer/Prescaler Clock Source 
1=External TIMER pin 
0= Internal clock 


TIE — Timer External Enable 
Not used if TOPT=1. Sets the initial value of TIE in 
the TCR if TOPT=0 
1= Not used 
0 = Sets initial value of TIE in the TCR 
SNM — Secure Mode 
When programmed to one, EPROM contents cannot 
be access externally. 
P2, P1, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 


Prescaler Division 


1 ee Prescaler) 





PROGRAMMING CONTROL REGISTER (PCR) 


The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming, so 
the user need not be concerned with PCR in most appli- 
cations. 


7 ~— 6 5 4 3 2 7 0 
ptt Pt fo | | vow | rae | roe 
RESET: 

U U U OU U U 1 1 


PLE — Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any- 
time 
1=Read EPROM 
0=Latch address and dats on EPROM 
PGE — Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset 
1=Inhibit EPROM programming 
0=Enable EPROM programming (if PLE is low) 
VPON — Vpp On 
A read-only bit that indicates high voltage at the Vpp 
pin. When set to “‘one’’, disconnects PGE and PLE 
from the chip. 
1=No high voltage on Vpp pin 
0=High voltage on Vpp 


NOTE 


VPON, being “zero”, does not indicate that the Vpp 

level is correct for programming. It is used as a 
safety interlock for the user in the normal operating 
mode. 


PLE Programming Conditions 


Programming Mode (Program 
EPROM Byte) 
PGE and PLE Disabled from System 
Programming Disabled (Latch 
Address and Data in EPROM) 
PGE and PLE Disabled from System 
Invalid State PGE =0 if PLE=0 
Invalid State PGE =0 if PLE=0 
“High Voltage” on Vpp 
PGE and PLE Disabled from System 
(Operating Mode) 















PROGRAMMING 


The MCU bootstrap program can be used to program 

the MCU EPROM. 
- A MCM2716 UV EPROM (other industry standard 
EPROMs may be used) must first be programmed with 
the same information that is to be transferred to the MCU 
EPROM. 

The MC68705P5 MCU is programmed in the same as 
the MC68705P3. Refer to application note, WC68705P3/ 
R3/U3 8-Bit EPROM Microcomputer Programming Mod- 
ule (AN-856 Rev2) for schematic diagrams and instruc- 
tions on programming the MC68705P5 MCU EPROM. 


NOTE 


The MC68705P5 will not execute the bootstrap pro- 
gram when in the secure mode. The on-chip EPROM 
‘must be completely erased before programming. 
To enter the secure mode, bit 3 in the mask option 
register must be programmed to logic “one” and 
memory locations $782 and $783 must be pro- 
grammed with $20 and $FE, respectively. After pro- 
gramming, the only way to change the non- secure 
mode is by erasing the entire EPROM. 
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EMULATION 


The MC68705P5 emulates the MC6805P2 and MC6805P6 
“exactly”. The MC6805P2/P6 mask features are imple- 
mented in the mask option register (MOR) EPROM byte 
on the MC68/705P5. A few minor exceptions to the ex- 
actness of emulation are listed below: 


1. The MC68705P2/P6 “future ROM” area is imple- 
mented in the MC68705P3 and these 704 bytes must 
be left unprogrammed to accurately simulate the 
MC6805P2/P6. The MC6805P?2/P6 read all “zeros” 
from this area. 


2. The reserved ROM areas in the MC6805P2/P6 and 
the MC68705P5 have different data stored in them, 
and this data is subject to change without notice. 
The MC6805P2/P6 use the reserved ROM for the self- 
check feature, and the MC68705P5 uses this area for 
the bootstrap program. 


3. The MC6805P2/P6 read all ‘‘ones” in its 48-byte “fu- 
ture RAM” area. This RAM is not implemented in 
the MC6805P2/P6 mask ROM versions but is imple- 
mented in the MC68705P5. 


4. The Vpp line (pin 6) in the MC68705P5 must be tied 
to Vcc for normal operation. In the MC6805P2/P6, 
pin 6 is the NUM pin and is grounded in normal 
operation. 


5. The LVI feature is not available in the MC68705P5. 
Processing differences are not presently compatible 
with proper design of this feature in the EPROM 
version. 


The operation of all other circuitry has been exactly 
duplicated or designed to function identically in both de- 
vices including interrupts, timer, data ports, and data di- 
rection registers (DDRs). A design goal has been to provide 
the user with a safe, inexpensive way to verify a program 
and system design before committing to a factory pro- 
grammed ROM. 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 


jump to subroutine (JSR) instructions have no register 
operand. Refer to the following list of instructions. 


Function | Mnemonic 

omit oa 

eae eee 

Store A in Memory if SrA 

[store XinMemory 

aaneee ee 
Add Memory and Carry io A 

caeetihens ee 

See ae 

| AND 

| ORA 

| GOR 

| cMP 

| crx 

[ei 



















LDA 
LDX 
STA 
STX 
ADD 
ADC 
SUB 
SBC 
AND 
Exclusive OR Memory with A EOR 
cMP 
CPX 
BIT 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 














Increment 


Decrement 


Mnemoni 
Rotate Fight Tu cary —SS*dYCROR 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
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instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. : 


Branch Always 7 BRA 


Branch Never 
Branch if Higher 







Branch if Lower or Same 
Branch if Carry Clear 
(Branch if Higher or Same) | 
| Branch if Carry Set 
(Branch if Lower) 
Branch if Not Equal 
Branch if Equal . 
Branch if Half Carry Clear 
Branch if Half Carry Set 
Branch if Plus 
Branch if Minus 
Branch if Interrupt Mask Bit is Clear 
Branch if Interrupt Mask Bit is Set 
Branch if Interrupt Line is Low 
Branch if Interrupt Line is High 


Branch to Subroutine 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 


lation instructions. 

BRSET n (n=0... 7) 
BRCLR n (n=0... 7) 
BSET n (n=0...7) 
BCLR n (n=0...7) 


Clear Bit n 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 
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Transfer A to X . TAX 
Transfer X to A 7 TXA 
Set Carry Bit SEC 


Clear Carry Bit 
Set Interrupt Mask Bit | 
Clear Interrupt Mask Bit : 
Software Interrupt | 
Reset Stack Pointer 


No Operation | NOP | 


OPCODE MAP SUMMARY 


Table 2 is an opcode map for the instructions used on 
the MCU. , 


Return from Subroutine 


Return from Interrupt 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code cov- 
ersion tables, and scaling tables anywhere in the memory 
space. Short indexed accesses are single-byte instruc- 
tions, while the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. Two-byte direct-ad- 
dressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address’’ (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. . 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 


L6S-€ 
VLVG HOSSADOUdOYOIINN VIOHOLOW 


= 
=e 


rae 


eal 
i 


c Manipulation | Branch | 
tae 
acon 


6 


" BCLA3 BEQ 
aoe 
" BSET4 "BHCC 
REL 


shea 


6 
“BCLRT 
BSC 


Abbreviations for Address Modes 


INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
1X1 
IX2 


Inherent 

Immediate 

Direct 

Extended 

Relative 

Bit Set/ Clear 

Bit Test and Branch 

Indexed (No Offset) 

Indexed, 1 Byte (8-Bit) Offset 
Indexed, 2 Byte (16-Bit) Offset 


Read- Modi 


Table 2. Opcode Map 


-Write 












































#f of Cycles 


Mnemonic 








1x2 1X1 


Opcode in Hexadecimal 


Opcode in Binary 


Address Mode 


GdS0Z899IN 
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the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address: 


INDEX, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including !/O, can 
be selectively set or cleared with a single two-byte in- 
struction. 


CAUTION 


The corresponding DDRs for ports A, B, and C are write 
only registers (registers at $004, $005, and $006). A read 
operation on these registers always returns a “‘one”. Since 
BSET and BCLR are read-modify-write functions, they 
cannot be used to set or clear a DDR bit (all ‘‘unaffected” 
bits would be set). It is recommended that all DDR bits 
in a port be written using a single-store instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 








Input Voltages 

EPROM Programming Voltage 
(Vpp Pin) 

TIMER Pin 













The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat (Pp ° 84a) (1) 
where: 
Ta  =Ambient Temperature, °C 
8jA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
Pp = Pint+Pro 
PINT =!cc Vcc, Watts — Chip Internal Power 
PiiQ. = Power Dissipation on Input and Output 
Pins — User Determined 






Symbol| Value | Unit | 
Supply Voltage —0.3 to +7.0 









—0.3 to + 22.0 






Normal Mode —0.3 to +7.0 
Bootstrap Programming Mode —0.3 to + 15.0 
All Others Vin -0.3 to +7.0 


Operating Temperature Range 
Storage Temperature Range —55 to +150 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than max- 
imum-rated voltages to this high-impedance 
circuit. For proper operation it is recom- 
mended the Vin and Vout be constrained to 
the range Vss < (Vin or Vout) = Vcc: Reli- 
ability of operation is enhanced if unused in- 
puts are tied to an appropriate logic voltage 
level (e.g., either Vss or Vcc). 






C 
°C 
°C 


For most applications Pj;Q<P),yy7 and can be neglected. 
The following is an approximate relationship between 
Pp and Ty (if Pio is neglected): 


Pp =K=+(Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp * (Ta +273°C) +6 A * Pp? (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ty. Using this value of K, 
the values of Pp and T, can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty. 


PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vcc =5.25 Vde +0.5, Vgg=0 Vdc, Ta = 20° to 30°C, unless otherwise noted) 


Symbol 


fosc 0 


Programming Voltage (Vpp Pin) 


Vpp Supply Current 
Vpp=5.25 V 
Vpp=21.0 V 


Programming Oscillator Frequency 





Bootstrap Programming Mode Voltage (TIMER Pin) Ij, = 100 VIHTP 
pA Max 
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SWITCHING CHARACTERISTICS (Vcc= +5.25 Vdc +0.5 Vdc, Vgg=0 Vdc, Ta =0° to 70°C, unless otherwise noted) 


Characteristic Symbol 


Min 
Normal 

ae 
[RESET pulsewidth it 
fINT 
=e 


ELECTRICAL CHARACTERISTICS (Vcc= +5.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta =0° to 70°C, unless otherwise noted) 





















Unit 
MHz 


Typ 


NO 


— £ 
oS ; 
rc 
n nn 


3 
n 


— 
N 


n 


—_ 
fan) 


+ —h 
”n 
(oy (~) 
oO 
fe) 


eS 








Characteristic Symbol | Min | Typ 
Input High Voltage VIH V 
RESET (4.75 = Vcc = 5.75) = 
(Vcc ( 4.75) — 
INT (4.75 = Vcc = 5.75) xx 
(Vcc ( 4.75) a 
All Other 
Input High Voltage (TIMER Pin) ViH 


Timer Mode 
Bootstrap Programming Mode 














Programming Voltage (Vpp Pin) Vpp* 
Programming EPROM 
Operating Mode 


21.0 





Input Low Voltage . VIL V 
RESET 0.8 
INT — 1.5 
All Other ; — 0.8 
Internal Power Dissipation (No Port Loading, Vcc = 5.25 V, PINT 450 TBD mW 
Ta =0°C) 
Input Capacitance Cin pF 
XTAL 25 
All Other 10 
INT Zero-Crossing Voltage, through a Capacitor vinr | 20 | | 40 Veep p | 
RESET Hysteresis Voltage 4.0 V 
Out of Reset Voltage VIRES + 2.1 2.0 
Into Reset Voltage VIRES — 0.8 


22.0 
5.75 






Input Current lin 
TIMER (Vin) = 0.4 V) 20 
INT (Vin =0.4 V) 50 
EXTAL (Vjn2.4 V to Vcc Crystal Option) 10 
(Vin = 0.4 V Crystal Option) — 1600 


| 
aS 
Oo 
= 
EE 


RESET (Vip =0.8 V) 
(External Capacitor Changing Current) 


*“Vpp is pin 6 on the MC68705P5 and is connected to Vcc in the normal operating mode. In the MC6805P2, pin 6 is NUM and is 
connected to Vss in the normal operating mode. The user must allow for this difference when emulating the MC6805P2 ROM- 
based MCU. 


**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 
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PORT ELECTRICAL CHARACTERISTICS (Vcc = +5.25 Vdc, +0.5 Vdc, Vgg=0 Vde, Ta =0° to 70°C, 


unless otherwise noted) 


Characteristic 


Output Low Voltage, ILoad = 1.6 MA 
Output High Voltage, ILgaq= — 100 pA 


Output High Voltage, ILgaq= — 10 pA 





Input High Voltage, IL gaq= — 300 pA (Max) 





Input Low Voltage, I_gaq = — 500 nA (Max) 
Hi-Z State Input Current (Vj, =2.0 V to Vcc) 
Hi-Z State Input Current (Vip =0.4 V) 







































































































Port B 
Output Low Voltage, IL gqaq=3.2 mA — — 0.4 V | 
Output Low Voltage, It ggg = 10 mA (Sink) VOL — | V | 
7a eT 
lO “10 mA 
Input Low Voltage VIL Vss | | 
ITs - A 
Port C _ 
Vou = = o4 | ov 
VoH 2 7 2 v 
Vil 2.0 ee co 
Vcc=5.75V Vcc =5.75V 
Abe pai Test Point mane | ie MMD6150 
exe 30 pF (Total) eo 2 97K0 
40 pF MMD7000 | ae pepabens 
(Total) or Equiv. = (Total) or Equiv 


Figure 10. TTL Equivalent Test Load Figure 11. CMOS Equivalent Test Load Figure 12. TTL Equivalent Test Load 
(Port B) (Port A) (Ports A and C) 


VCC 


RESET 
Pin 


Internal 
Reset 





Figure 13. Power and Reset Timing 
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9 VCC 


Vcc 


Port DDR 
Port Data 






IP = Input Protection 


Figure 14. Port A Logic Diagram 


Vcc 





Port DDR 
Port Data 


IP =Input Protection 


Figure 15. Port B and C Logic Diagram 


, | 
PAD F- To 1/0 Logic Test Point <———— 


| ® : G Vary V, 


= Measure | 
C)v 
Figure 16. Typical Input Protection . Figure 17. I/O Characteristic 
Measurement Circuit 


ORDERING INFORMATION 


The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705P5. 


Table 3. Generic Information 


Internal Clock 
Package Type Frequency (MHz) Temperature Order Number 


Cerdip (S Suffix) | 10 | o*to 70°C MC68705P5S 
Cerdip (S Suffix) —40° to 85°C | ~MC68705P5CS 
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MECHANICAL DATA 


PIN ASSIGNMENTS 
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TECHNICAL DATA MiC68705R3 


Technical Summary 
8-Bit EPROM Microcontroller Unit 


The MC68705R3 (HMOS) Microcontroller Unit (MCU) is an EPROM member of the MC6805 Family 
of microcontrollers. The user programmable EPROM allows program changes and lower volume 
applications. This low cost MCU has parallel I/O capability with pins programmable as input or out- 
put. This publication contains condensed information on the MCU; for detailed information, refer to 
M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact your local Moto- 
rola sales office. | 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 


@ Internal 8-Bit Timer with 7-Bit e Vectored Interrupts 
Programmable Prescaler e Bootstrap Program in ROM 

@ On-chip Oscillator @ 112 Bytes of RAM 

@ Memory Mapped |/O e 3776 Bytes of Eprom 

e Versatile Interrupt Handling @ 241/0 Pins 

@ Bit Manipulation @ 4-Channel Analog-to-Digital 

e@ Bit Test and Branch Instruction Converter 





BLOCK DIAGRAM 


XTAL EXTAL RESET Vpp INT 
eer Timer/ 
8 Counter 





















TIMER 
PAO A/ | “Pe 
Fae 
— PA2 Port | Data S a CPU “ee 
1/0 Epy : Dis Index Control 
line Bas Reg | Reg Register PDO/ANO 
pet te cy x PT — PDI/ANt 
Sed Condition an PD2/AN2. Port 
PA? Code Prt posan3 
Regist PD4/Vpa,_ input 
Se at 
Se 2s en ee 
Pat s_ YY Wey 
Port PBI Program 
8 ‘PB2 Port Data Counter Port D 
0 a 2 ng High PCH Input 
Lines pgs Reg Reg es hl 
PB6 ounter 
P87 low PCL Se 
1 
Port 
Data Port PC2 
Dir Cc PC3 : 


3776 x 8 112x8 Pc4 W/O 
a x . PC6 
ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vcc is +5.25 volts (+0.5A) power, and Vss is 
ground. 


VPP 
This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vcc. 


INT 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide contro! input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending on mask option 


Cy 


EXTAL | Rs XTAL 


AT — Cut Parallel Resonance Crystal 

Co=7 pF Max 

Freq. =4.0 MHz @ C, = 24 pF 

Rg = 50 ohms Max. 
Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Co, C1, and Rs values. 





MC 
5} EXTAL (Crystal Option, 
See Note 1) 


External 
Clock 
Input 






EXTAL (RC Option, 


See Note 1) 


register setting) is connected to these pins to provide a 
system clock. | 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vcc 
specifications. 


External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input connected to Vss, as shown in Fig- 
ure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 










(See Note2) CO MCU 
S| EXTAL (Crystal Option, 


See Note 1) 


Crystal 







MCU 
S}EXTAL (RC Option, 
See Note 1) 


MCU 


Connection 


Approximately 25% to 50% Accuracy 
External Jumper 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 





External Clock 


NOTES: 

1. For the MC68705R3 MOR b7=0 for the crystal option and MOR b7=1 for the RC option. When the TIMER input pin is in the 
VIHTP range (in the bootstrap EPROM programming mode), the crystal option is forced. When the TIMER input is at or below 
Vcc, the clock generator option is determined by bit 7 of the mask option register (CLK). 

2. The recommended C, value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is 
an internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance 
on each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF 
on EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


Figure 1. Oscillator Connections 
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Oscillator Frequency (MHz) 


Vcc =5.25 V 
Ta= 25°C 
0 10 20 30 40 50 60 70 80 
Resistance (kQ) 
Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 
TIMER 


This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the bootstrap pro- 
gram. . 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO-PC7, PDO- 
PD7) 


These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di- 
rection registers. Port D is a fixed input port. It has up to 
four analog inputs, plus two voltage reference inputs when 
the analog-to-digital converter is used (PD5/VRH, PD4/ 
VRL), and an INT2 input. Port D lines can be read directly 
and used as binary inputs. If an analog input is used, then 
the voltage reference pins must be used in the analog 
mode. Refer to PROGRAMMING for additional informa- 
tion. 













Data 
Direction Register 
Bit* 


Bit 


ww 

Cc 
ae) Latched 
£6 Output 
2 eC Data 
fe 

ro) 

rs) 


* DDR is a write-only register and reads as all ‘’1s” 





PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


~ Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). Port D lines are input only. The 
port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). Refer to Table 1 for |/ 
O functions and to Figure 3 for typical port circuitry. 


Table 1. I/O Pin Functions 


Data Latched 
Direction Output 


Register Data Output 


Bit Bit State 





**Port B and C are three-state ports. Port A has an internal pull- 
up devices to provide CMOS data drive capability. 


Port D provides reference voltage and multiplexed an- 
alog inputs. The VR, and VRH lines are internally con- 
nected to the A/D resistor. Port D can always be used as 









Figure 3. Typical Port I/O Circuitry and 
Register Configuration 
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digital inputs, but for analog inputs, VRH and VR_ must 
be connected to the appropriate reference voltage. 


NOTE 


_Read-modify-write instructions should be not used 
when writing to DDRs always read as ‘one’. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consists of user EPROM, bootstrap ROM, 
user RAM, a mask option register (MOR), a program con- 
trol register, miscellaneous register, A/D control regis- 
ters, and I/O. The interrupt vectors are located from $FF8 
to $FFF. The bootstrap is a mask-programmed ROM that 
allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


7 0 
000 
1/O Ports 
Page Zero Timer 
Access With RAM 
Short 127 (128 Bytes) 
Instructions 128 Page Zero 
User EPROM 
255 (128 Bytes) 
256 


Main 
EPROM 
(3640 Bytes) 


3896 Mask Option Register 


3897 
el 


3968 Bootstrap 
ROM 
4087 (120 Bytes) 


Timer Interrupt 


Interrupt § 4091 
Vectors 4092 





REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 0 
A | 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16- bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 0 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 
11 8 7 0 


PCH PCL 


765 43 2 1 0 


oa 
0 
00 
on 
son 
sos 
soo 
0 
on 
on 
son 
S08 
soc 
s00 
soe 
so 


— oO 


Oo ODN DO & W NH 


RAM $010 
(112 Bytes) 
Stack 
(31 Bytes Maximum) 
$07F 


* Caution: Data direction registers (DDRs) are write-only; they read as $FF. 


Figure 4. Memory Map 
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STACK POINTER (SP) | 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

- The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


an 5 4 0 
bhEEEETT# 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. | 
4 0 
paliinfze 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). lf an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 
When set, this bit indicates that the result of the last 


arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic 1). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occured during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the line 
logic level. 





POWER-ON-RESET (POR) | 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltatge. A delay of tRHL milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure 5) typically provides sufficient 
delay. 


10 pF 





Figure 5. Power-Up RESET Delay Circuit 


EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES — to provide an internal reset voltage. 


INTERRUPTS 


The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external Port D (INT2) 
input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 








NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardward interrupts and, if unmasked 
(1 bit clear), proceeds with interrupt processing; other- 
wise, the next instruction if fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 
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6 5 


4 


7 





Push 


Accumulator 


Index Register 


[nes Regier 
[ee SCSCSCSC 


PCL* 










3 2 1 0 Pull 
n+2 
n+3 
n+4 
n+5 


*For subroutine calls, only PCH and PCL are stacked. 


Figure 6. Interrupt Stacking Order 


lf both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


lf the time mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally exe- 
cutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. The timer 
interrupt status bit can only be cleared by software. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a_mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The_INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
an interrupt when the condition code | bit is clear. The 
following paragraphs describe two typical external in- 
terrupt circuits. 


Zero-Crossing Interrupt 


A sinusoidal input signal (fj Maximum) can be used 
to generate an external interrupt (see Figure 8a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 


Digital-Signal Interrupt 


With this type of circuit (Figure 8b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw L, tWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. The SWI 
execution is similar to the hardware interrupts. 


MODES OF OPERATION 


The MCU has two modes of operations. These modes 
are the normal and bootstrap. The following paragraphs 
describe the modes. 


NORMAL MODE 


This mode is a single-chip mode and is entered !f the 
following conditions are met: (1) the RESET line is low, 
(2) the PCO pin is within its normal operational range, 
and (3) the Vpp pin is connected to Vcc. The next rising 
edge of the RESET pin then causes the part to enter the 
normal mode. 








BOOTSTRAP 


The bootstrap mode is entered if the TIMER pin= +12 
V. Refer to application note, WC68705P3/R3/U3 8-Bit 
EPROM Microcomputer Programming Module (AN-857 
Rev.2). 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR) and/or the mask option register 
(MOR). The 8-bit counter may be loaded under program 
control and is decremented toward zero. When the timer 
reaches zero, the timer interrupt request bit (bit 7) in the 
timer control register (TCR) is set. Refer to Figure 9 for 
timer block diagram. 
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1! (in CC) 
07F » SP 
0» DDRs 

CLR INT Logic 
FF » Timer 

TCR6 41 

TCR7 40 


Put FFE on 
Address Bus 


RESET 
_Pin= Low 



















(TIMER INT) 
(TCR? @ TCR6) 
MR7 @ MR6 
(INT2) 









Load PC From: 


Fetch SWI: FFC/FFD 
Instruction INT: FFA/FFB 
Timer or 


INT2: FF8/FF9 






Is Fetched 
Instruction 
on SWI? 


Execute 
Instruction 





PC+=PC+1 





N RESET 
Pin= High 


Load Options From 
MOR ($F38) Into 


Control Logic 





Load PC 
From 
FFE/FFF 


Figure 7. Reset and Interrupt Processing Flowchart 


(a) Zero-Crossing Interrupt (b) Digital-Signal Interrupt 


VCC 






ac 


Input ting) a 
(fi Max.) 9 Level 
R<1MQ Digital 
ac Inputs Input 
10 Vac p-p 


Figure 8. Typical Interrupt Circuits 


The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared and the TCR 
bit 6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by (1) saving the present 
CPU state on the stack, (2) fetching the timer interrupt 
vector, and (3) executing the interrupt routine. The timer 


interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operation with read-modify- 
write instructions. | 
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Microcomputer Internal Bus EPROM 
Read Write Write Read Read Program 










EPROM Byte 
Mask Option Register (MOR) 






FCIN Timer Data Register (TDR) 


8-Bit Counter 


Interrupt 
Request 


fpin — Prescaler Input Frequency Timer Control Register Bits: Mask Option Register Bits: 

fcIN— Counter Input Frequency TIR— Timer Interrupt Request Status CLK — Clock Oscillator Type 
TIM— Timer Interrupt Mask TOPT — Timer Mask/Programmable Option 
TIN— Timer Input Select CLS — Timer Clock Source 
TIE— Timer External Input Enable P2, P1, PO—Prescaler Option 


PSC—Prescaler Clear 
PS2, PS1, PSO— Prescaier Select 


NOTE: The TOPT bit in the mask option register selects whether the timer ss software programmable via the timer control register or 
emulates-the mask programmable parts via the MOR EPROM byte. 


Figure 9. Timer Block Diagram 
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The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. The TDR is unaffected by 
reset. 


SOFTWARE CONTROLLED MODE 


This mode is selected when TOPT (bit 6) in the MOR 
is programmed to zero. The timer prescaler input can be 
configured for three different operating modes plus a 
disable mode, depending on the value written to TCR 
control bits 4 and 5 (TIE and TIN). The following para- 
graphs describe the different modes. 


Timer Input Mode 1 


When TIE and TIN are both programmed to zero, the 
timer input is from the internal clock (phase two) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 


Timer Input Mode 2 


When TIE=1 and TIN=0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is +1. 


Timer Input Mode 3 


When TIE =0 and TIN =1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. 


Timer Input Mode 4 


When TIE and TIN are both one, the timer input is from 
the external clock. The external clock can be used to count 
external events as well as to provide an external fre- 
quency for generating periodic interrupts. Frequency of 
external input must be < fog¢/8. 


MOR CONTROLLED MODE 


This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic one. The timer circuits are the 
same as described in SOFTWARE CONTROLLED MODE. 
The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore, bits 0, 1, 2, and 5 in the MOR control the pres- 
caler division and the timer clock selection. TIE (bit 4) and 
PSC (bit 3) in the TCR are set to a logic one when in the 
MOR controlled mode. TIM (bit 6) and TIR (bit 7) are 
controlled by the counter and software. 


TIMER CONTROL REGISTER (TCR) $009 


This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. The configuration of 
the TCR is determined by the TOPT (bit 6) in the MOR. 


When TOPT=1, the TCR emulates the MC6805R2; when 
TOPT =0, the TCR is controlled by software. 


TCR with MOR TOPT=1 
7 6 5 


4 3 2 1 0 
ct teen eee 


TCR with MOR TOPT =0 
6 


7 i) 4 3 2 1 0 
RESET: 
0 1 U U U U U U 


*The value of corresponding bits in MOR is written during RESET 
rising edge. These bits always read ‘‘one”. 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 
1 =Set when the timer data register changes to all 
zeros 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt 
1=Interrupt inhibited 
0=Interrupt enabled 
TIN — External or Internal 
Selects input clock source 
1 =External clock selected 
0=Internal clock selected (fgsc/4) 
TIE — TIMER External Enable 
Used to enable external TIMER pin. When TOPT=1, 
TIE is always a logical ‘‘one”’. 
1=Enables external timer pin 
0=Disables external timer pin 
PSC — Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in- 
dicates a zero when TOPT=0. When TOPT =1, this 
bit will read a logical ‘‘one”’ and has no effect on the 
prescaler. 
PS2, PS1, PSO — Prescaler Clear 
Decoded to select one of eight outputs of the pres- 
caler 


Prescaler 





NOTES 


When changing the PS bits in software, the PSC 
bit should be written to a “one” in the same write 
cycle to clear the prescaler. Changing the PS bits 
without clearing the prescaler may cause prescaler 
truncation. 
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MASK OPTION REGISTER (MOR) $F38 


The MOR is implemented in EPROM. This register con- 
tains all zeros prior to programming and is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 

6 5 4 3 2 1 0 
pcx [ropr{ cis | [| re | mo | ro 
CLK — Clock (oscillator type) 

1 = Resistor Capacitor (RC) 
0= Crystal 
TOPT — Timer Option 
1 =MC6805R2 type timer/prescaler. All bits except 

6 and 7, of the TCR are invisible to the user. 

Bits 5, 2, 1, and 0 of the MOR determine the 

equivalent MC6805R2 mask options. 

0=All TCR bits are implemented as a software pro- 
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re- 
| spective TCR bits. 
CLS — Timer/Prescaler Clock Source 
1=External TIMER pin 
0= Internal clock 
Bit 4 
Not used if TOPT= 1. Sets the initial value of TIE in 
the TCR if TOPT=0. 
1= Not used 
0= Sets initial value of TIE in the TCR 
Bit 3 
Not used 
P2, P1, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 
Prescaler 








PROGRAMMING CONTROL REGISTER (PCR) $00B 


The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming so the 
user need not be concerned with PCR in most applica- 
tions. 


7 6 5 4 3 2 1 0 
pf Pf Ft fee] roe | re 
RESET: 

U U U U U U 1 1 


PLE — Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any- 
time. 


1=Read EPROM 
0=Latch address and data on EPROM 


PGE — Program Enable 


Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 
1=Inhibit EPROM programming ___ 
0=Enable EPROM programming (if PLE is low) 
VPON — Vpp On 
A read-only bit that indicates high voltage at the Vpp 
pin. When set to “one”, disconnects PGE and PLE 
from the chip. 
1=No high voltage on Vpp pin 
0=High voltage on Vpp pin 


NOTE 


VPON being “zero” does not indicate that the Vpp | 
level is correct for programming. It is used as a 
safety interlock for the user in the normal operating 
mode. 


VPON | PGE | PLE | Programming Conditions 
Programming mode | 
EPROM byte) 





1 PGE and PLE disabled from 
system 
Programming disabled (latch 
address and data in EPROM) 


PGE and PLE disabled from 
system 

Invalid state; PGE =0 if PLE =0 
Invalid state; PGE =0 if PLE = 0 
‘High voltage’ on Vpp 


1 1 1 PGE and PLE disabled from 
system (operating mode) 


EPROM PROGRAMMING 











ERASING THE EPROM 


The EPROM can be erased by exposure to high-inten- 
sity ultraviolet (UV) light with a wavelength of 2537 angs- 
troms. The recommended integrated dose (UV intensity 
x exposure time) is 25Ws/cm2. The lamps should be 
used without software filters, and the MCU should be 
positioned about one inch from the UV tubes. Ultraviolet 
erasure clears all bits of the MCU EPROM to the “Zero” 
state. Data then can be entered by programming “ones” 
into the desired bit locations. 


PROGRAMMING 


The MCU bootstrap program can be used to program 
the MCU EPROM. The alternate vectoring used to imple- 
ment the self-check is used to start execution of the boot- 
strap program. 

A MCM2532 UV EPROM (other industry standard 
EPROMs may be used) must first be programmed with 
the same information that is to be transferred to the MCU 
EPROM. Refer to application note, WC68705P3/R3/U3 8-bit 
EPROM Microcomputer Programming Module (AN-857 
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Rev.2) for schematic diagrams and instructions on pro- 
gramming the MCU EPROM. 


ANALOG-TO-DIGITAL CONVERTER 


The chip resident 8-bit analog-to-digital (A/D) converter 
uses a successive approximation technique as show in 
Figure 10. Four external analog inputs can be connected 
to the A/D via Port D. Four internal analog channels (VR — 
VRt. VRH—VRi/2, VRH—VRL/4, and Vp__) may be se- 
lected for calibration. The accuracy of these internal chan- 
nels may not meet the accuracy specifications of the 
external channels. 

Multiplexer selection is controlled by the A/D control 
register (ACR) bits 0, 1, and 2. Refer to Table 2 for mul- 
tiplexer selection. The ACR is shown in Figure 10. The 
converter uses 30 machine cycles to complete a conver- 
sion of a sampled analog input. When the conversion is 
complete, the digital value is placed in the A/D result 
register (ARR); the conversion flag is set; selected input 


is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input, which is held internally, is sam- 
pled for five machine cycles. | | . 

The converter uses VRH and VR as reference voltages. 
An input voltage equal to or greater than VRH converts 
to $FF. An input voltage equal to or less than VR_, but 
greater than Vss, converts to $00. Maximum and mini- 
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and should 
be referenced to VR, for the ratiometric conversion. To 
maintain full accuracy of the A/D, three requirements 
should be followed: (1) VRH should be equal to or less 
than Vcc, (2) Vp_ should be equal to or greater than Vsg 
but less than maximum specifications, and (3) VRH—- VRL 
should be equal to or greater than 4 volts. 

The A/D has a built-in 1/2 LSB offset intended to reduce 
the magnitude of the quantizing errorto + 1/2 LSB, rather 
than +0, —1 LSB with no offset. This implies that, ig- 
noring errors, the transition point from $00 to $01 occurs 
at 1/2 LSB above VR_. Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VR, ideally. 


Table 2. A/D Input MUX Selection 


A/D Control Register 














esveseelf 
voons0elh 
sovonenolf 





*Internal (calibration) levels 
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15 k@ (Typ) 
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Figure 10. A/D Block Diagram 
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INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 


Function 
Store A in Memory 
Store X in Memory 


Mnemonic 

























BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 


lation instructions. 





Function | 
=0...7) 
=0...7) 









BSET n (n=0 
BCLR n (n=0 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


| Function | Mnemonic. 
Decrement DEC 






















Logical Shift Left 


Arithmetic Shift Right 
Test for Negative or Zero . 







BRANCH INSTRUCTIONS 
This set of instructions branches if a particular condi- 


tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 






















Branch Always 


Branch Never 


Branch if Higher 
Branch if Lower or Same 
Branch if Carry Clear 
(Branch if Higher or Same) 


| Bcc 
BCS 


Branch if Carry Set 


B 
B 
B 
B 
(Branch if Lower) 
B 


Branch if Not Equal | BNE 
Branch if Equal | BEQ: | 
Branch if Half Carry Clear 
Branch if Half Carry Set 
Branch if Plus 


BHCS 


RA 
RN 
BHI 
BLS 
GB 
CS 
NE 
MC 
MS 
BIL 
BIH 
BSR 


Mnemonic 


Branch if Minus | BMI 
Branch if Interrupt Mask Bit is Clear 
Branch if Interrupt Mask Bit is Set 
Branch if Interrupt Line is Low | BIL 
Branch if Interrupt Line is High BIH 


Branch to Subroutine 
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CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 


instructions. 


TAX 
TXA 
SEC. 
CLC 

CLI 

SWI 

RTS 

RTI 

RSP 







Transfer A to X 
Transfer X to A 
Set Carry Bit 

















Clear Carry Bit 
Set Interrupt Mask Bit 


Clear Interrupt Mask Bit 
Software Interrupt 
Return from Subroutine 
Return from Interrupt 


Reset Stack Pointer 


No-Operation 


OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two byte direct- 
addressing instructions access all data bytes in most ap- 
plications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including I/O, can 
be selectively set or cleared with a single two-byte in- 
struction. 


BIT TEST AND BRANCH > 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
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Table 3. Opcode Map 
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so aie a_i al pros ck soe ee a a a a ee 
6 6 3 Z 2 7 
ae BTB R DIR \ me Se oh } ix ] INH IMM DIR 2 xT £ WO) 
6 2 4 
0001 REL 1 INH 2 IMM | 2 pir | 3 EXT 
2 4 
2 RSET "SET! BHI SBC art ea 
0010 R a za 2 IMM EXT 
7 6 WW 2 
re 1 INH IX1 | 1 IX 1} INH 2 IMM ao 0011 
a ; 5 ‘f 2 
Bi 1 INH | 2 1X1 ] IX_] 2 IMM EXT VID 
4 
4 al on { IMM aie Text 010 
4 7 6 2 4 5 
ra erste "BSET3 RORX ROR ROR LDA ees | 
0110 BTB 1 INH | 2 xt [4 x | 2 {MM 2 DIR 
4 7 6 0 
BRCLAS “BCLAS ASRX ASR ASR TAX ve » Vor 
fa 1 INH 2 IX] ] x 1 INH 2 i 0 
4 T6 T 2 2 
BRSETA " BSETA LSLX LSL LSL CLC EOR EOR 8 
1000 : INH 2 a x _| 4 INH 2 IMM EXT 1000 
1 INH | 2 iXt | Xx 1 1 INH IMM EXT 
4 7 6 2 
‘ni oA Li 2 1 INH | 2 x1 [3 x | 1 {MM EXT 
11 BTB BSC REL - | | by 1 INH IMM EXT 1011 
7 4 4 7 6 
i 2 REL | 2 DIR | 1 INH {| 1 EXT 1100 
6 © 
R 2. or a 
mb REL IMM EXT 1110 
6 14 5) 
oan BRCLA? | BCLA? | BIH LR TXA 1x 
1111 REL | 2 DIR | 1 1 iNH 2 on 3 EXT wht 
Abbreviations for Address Modes LEGEND 
INH Inherent Opcode in Hexadecimal 
IMM immediate 
DIR Direct t of Cvcl 
EXT Extended 7 ve ie Opcode in Binary 
REL Relative nemonic 
BSC Bit Set/Clear Bytes 
BTB Bit Test and Branch Add hia 
Ix Indexed (No Offset) fesse MOGe 
\X1 Indexed, 1 Byte (8-Bit) Offset 


1X2 Indexed, 2 Byte (16-Bit) Offset 
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the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 






Input Voltage 
EPROM Programming Voltage 


ee ae ee 





These devices contain circuity to protect 
the inputs against damage due to high static 
voltages or electrical fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 














—0.3 to + 22.0 
-0.3 to +7.0 


(Vpp Pin) 
TIMER Pin — Normal Mode 
TIMER Pin — Bootstrap 
Programming Mode 
All Others 













—0.3 to + 15.0 
—0.3 to +7.0 





maximum rated voltages to this high-imped- 
ance circuit. For proper operation it is rec- 
ommended that Vjpn and Voyt be constrained 
to the range Vss<(Vjn and Vout)<Vcc. Re- 








Operating Temperature Range 
MC68705R3 
MC68705R3C 


Junction Temperature 
Plastic 
Cerdip 





THERMAL CHARACTERISTICS 


Thermal Resistance 
Plastic (P Suffix) 

Plastic (FN Suffix) 
Cerdip (S Suffix) 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat (Pp 85a) (1) 
where: 
Ta = Ambient Temperature, °C 
OA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pint+ Peort . 
Pint. =!ccVcc, Watts — Chip Internal Power 


Pport = Port Power Dissipation, 
Watts — User Determined 













Symbol] Value | Unit 


liability of operation is enhanced if unused 
inputs except EXTAL are tied to an appro- 
priate logic voltage level (e.g., either Vss or 
VCC). 


For most applications PportT<Pi\7 and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and T, (if 
Pport is neglected) is: 


Pp=K+(Ty+ 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp * (Ta + 273°C) + 8 ArPp* (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ta. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Tp 
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vcc =5.25 Vde +0.5%, Vgs=0, Ta=20 to 30°C, unless otherwise noted) 


Characteristic | Symbol | Min | typ | Mex | unit 
Programming Voltage Vpp 20.0 22.0 


Vpp Supply Current 
Vpp=5.25 V 
Vpp=21.0 V 


Oscillator Frequency 


Bootstrap Programming Mode Voltage VIHTP 9.0 12.0 15.0 V 
(TIMER Pin) @ ljy7p= 100 pA Maximum 











ELECTRICAL CHARACTERISTICS 
(VCC = + 5.25 Vde +0.5 Vdc, Vsgg =0 Vdc, Ta =0° to 70°C, unless otherwise noted) 


Characteristic 


Input High Voltage 
RESET (4.75 < Vcc < 5.75) 
oo (Vcc < 4.75) 
INT 4.75 < Vcc < 5.75) 
(Vcc < 4.75) 
All Other 


Input High Voltage (TIMER Pin) 
Timer Mode 
Bootstrap Programming Mode 





Input Low Voltage 
RESET 
INT 
All Other 


Internal Power Dissipation (No Port Loading, Vcc =5.25 V Ta =0°C 


for Steady-State Operation) Ta = 40°C 


Input Capacitance 
EXTAL 
All Other (See Note) 


RESET Hysteresis Voltage 
Out of Reset Voltage 
Into Reset Voltage 


Programming Voltage (Vpp Pin) 
Programming EPROM 
Operating Voltage 


Input Current 
TIMER (Vin =0.4 V) 
INT (Vin =0.4 V) 
EXTAL (Vj, = 2.4 V to Vcc) 
RESET (Vin =0.8 V) 
(External Capacitor Changing Current) 





*Vpp (pin 7) is connected to Vcc in the normal operating mode. 
**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 


NOTE: Port D analog inputs, when selected, Cjpj = 25 pF for the first 5 out of 30 cycles. 
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SWITCHING CHARACTERISTICS 
Wee= + 5.25 Vde +0.5 Vde, Vgg=0 vas Ta=0°C to 70°C, unless otherwise noted) 


” Characteristic . Symbol 


rere 
ee ee 
Normal 

nsustion Cv Tine Wing) toys _} 9980} = 
[INT INT2, or Timer Pulse Width tt | toot 250 | 
|RESET Pulse width | ta | tye 250 | 
= 

| so | 

a 


= 


Zz 


2 


RESET Delay Time (External Cap=1.0 uF) 
INT Zero Crossing Detection Input Frequency fINT 


External Clock Duty Cycle (EXTAL) 


Crystal Oscillator Start-Up Time fe eee 





+ 


Z 





x 


2 


A/D CONVERTER CHARACTERISTICS 
(Vcc = + 5.25 V +0.5 Vdc, Vgsg =0 Vdc, Ta =0°C to 70°C, unless otherwise noted) 


tee vat tormented 
i ae 
ae | LSB | For VaH=400 to 5.0 V and VaL=0 V. 


ae Error +1/2 LSB 

Conversion Range a 
VRH A/D accuracy may decrease proportionately as 
VRL V 


VRH is reduced be below 4.0 V. The sum of Vay 
Includes sampling time 


and VRi must not exceed Vcc. 
Monotonicity Inherent (within total error) 


Vin= 
Vin= VRH 


9 tcyc 




















< 
OQ 
O 


jo) 
Ro 


< 
” 
” 


Conversion Time 


ie) 
aia. 

Ww 

(o>) 









Zero Input Reading 


Ratiometric Reading 
Sample Time 


mn 
m 
mal 











Sample/Hold Capacitance, Input 25 

Analog Input Voltage VRL VRH V Negative transients on any analog lines (pins 
19-24) are not allowed at any time during 
conversion. 
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PORT ELECTRICAL CHARACTERISTICS 
(Vcc= +5.25 Vde +0.5 Vdc, Vgg=0 Vdc, Ta =0° to 70°C, unless otherwise noted) 


|) Characteristic | Symbot_ | min | typ | Max | unit 
Output Low Voltage, ILoad= 1.6 mA Vo ee ee ee ee 
Output High Voltage, ILgaq= — 100 pA 














< 


i Vcc-—1.0 


' OH 

Output High Voltage, ILgaq= — 10 pA VOH 
VIH 

VIL 


NO RO 
oO 





< 
OQ 


© 
fe) 
FEF 


Input High Voltage, ILoad= —300 pA (Max) 
Input Low Voltage, ILgaq = — 500 A (Max) 


C 






VSS. 













—_— 


| 
Oo 


Output Low Voltage, !1 aq = 10 mA (Sink) V 

Output High Voltage, ILgaq= — 200 pA V 

Darlington Current Drive (Source), Vo=1.5 V | 
V 


OL 
OH 
OH 
Input High Voltage 1H 
VIL 


Input Low Voltage 


Hi-Z State Input Current 


Hi-Z State Input Current (Vj, =2.0 V to Vcc) WH — — 300 y 

Hi-Z State Input Current (Vip =0.4 V) Ne ee pe 
Port B 

Output Low Voltage, IL oaq =3.2 MA VOL aa 


I 
— 
° 

| 
— 
—) 
3 


oad 
Oj} )A 


Vcc 
Vss 


<2 10 pA 


id 
2 


Port C 


VoL 
Vou 
IH 
IL 


v 
v 
ITs 
Port D (Input Only) 
Vil 
VIL 
in 


< 


N[N 
yn oO; 
NO 
S 
= ro) 


4 


S 


< 
O 
fF 


C 
Ss 


<1 
oO 


; 
ri 
, 


L 
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Vcc =5.75 V 














Test MMD6150 

Point or Equiv. 1.45 kQ 
MMD7000 
or Equiv. 


40 pF A 12 kQ) 
(Total) | 5 


Figure 11. TTL Equivalent Test Load 
(Port B) 


Vcc =5.75 V 







Test MMD6150 
Point or Beauly: 291 kQ 
30 pF MMD7000 
or Equiv. 


(Total) 


Figure 13. TTL Equivalent Test Load 
(Ports A and C) : 






Port DDR 
Port Data 





IP =Input Protection 


To I/O Logic 





Port 17. Typical Input Protection 


Test Point ay 
T 30 pF (Total) 


Figure 12. CMOS Equivalent Test Load 
(Port A) 


Vcc =5.75 V 
3.34 kQ 
Test 
Point 
a 30 pF (Total) 


Figure 14. Open-Drain Equivalent Test Load 
(Port C) 


VoD 





1-10 k Typ. 






PB DDR 
PB Data 


IP =Input Protection 


Figure 16. Port B Logic Diagram 


‘ | 
Test Point <———_—— 


o—{a) 
Vary V, 
Measure | 
(= )v 


Figure 18. I/O Characteristic 
Measurement Circuit 
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ORDERING INFORMATION 


The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705R3. 


Table 4. Generic Information 


Temperature Order Number 


Cerdip 0°C to 70°C MC68705R3S 
S Suffix — 40° to +85°C MC68705R3CS 


Plastic 0°C to 70°C MC68705R3P 
P Suffix ~ 40°C to 85°C MC68705R3CP 


PLCC — 40°C to + 85°C MC68705R3CFN 
FN Suffix 


MECHANICAL DATA 





















PIN ASSIGNMENTS 


Vss! @ 40] PA7 
RESET 2 39 [PAG 
iNT 38 }PAS 
Vcc 94 371] PA4 
EXTAL 5 36] PA3 
XTALO 35] PA2 PA3 
Veep 7 SXQPAI PA2 
TIMERD 33 [J PAO PA1 
pcogs 32 1] PB7 PBO 
PCif}10 3111PB6 PB7 
pc2qi 30 f] PBS PB6 
Pc3f}i2 29f] PB4 PBS 
Pc4{}13 28 [] PB3 PB4 
pcs (14 27) PB2 es 
pceis 26{]PB1 ie 





PD7 717 24 {] PDO/ ANO CLTLCILICICICT CO CIOU CI 0 
INT? 1 oo-nm = NOR 
PD6/INT2 [}18 231} PD1/AN SSs2and =p 55 
PD5/VRHf] 19 1 PD2/AN2 Q@¢@gqdqgqr-rsZet 
PD4/V 210 PD3/AN3 See wane 
RLU 20 agoaao ae 
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MC68705R5 


8-Bit EPROM Microcontroller Unit 


. The MC68705R5 (HMOS) Microcontroller Unit (MCU) is an EPROM member of the MC6805 Family 
of microcontrollers. The user programmable EPROM allows program changes and lower volume 
applications. This low cost MCU has parallel I/O capability with pins programmable as input or out- 


put. This publication contains condensed 


information on the MCU; for detailed information, refer to 


M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact your local Moto- 


rola sales office. 


Refer to the block diagram for the hardware features and to the list below for additional features 


available on the MCU. 
@ Internal 8-Bit Timer with 7-Bit 
Programmable Prescaler 


On-chip Oscillator 

Memory Mapped 1/O 

Versatile Interrupt Handling 

Bit Manipulation 

Bit Test and Branch Instruction 
Vectored Interrupts 








TIMER 
PAO 
PAI 
Port pA2 Port Data 
on PA3 A Dir 
PA4 R R 
Lines pas “9 a 
PA6 
PA? 
PBO 
P PBI 
“i PB2 Port | Data 
1/0 a B Dw 
Lines pgs Reg Reg 
PB6 
PB7 


Bootstrap program in ROM 
112 Bytes of RAM 

3776 Bytes of Eprom 

24 I/O Pins 


4-Channel Analog-to-Digital 
Converter 


@e EPROM Security Feature 


BLOCK DIAGRAM 


; XTAL EXTAL RESET Vpp iNT 
Pp Timer/ 
rescaler C 
Cel hg Kenll 


CPU 
Control 


Accumulator 












Index 
Register 






@ or) 
x > 













Condition ae 
Code eee 
5 Register cc tke 
, Ree ee] 
le anne 
Pointer 
: sf VY VOY 
Program 
Counter Port D 
4 High PCH Input 
Program 
Counter 
Low PCL 
Data Port 
EPROM RAM 
191 x 8 
Bootstrap 
ROM 


PDO/ ANO 
PD1/AN1 


PD2/AN2 


Port 


Pp3/AN3.  D 


PD4/VaL 
PD5/VRH 


Input 
Lines 


PD6/INT2 


PD7 


PCO 
PC1 
PC2 
PC3 
PC4 
PC5 
PC6 
PC7 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vcc is + 5.25 volts (+0.5A) power, and Vgsg is 
ground. 


VPP 
This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vcc. 


INT 


This pin provides the capability for asynchronously ap- 
plying an external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending on mask option 
register setting) is connected to these pins to provide a 
system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 


Cy 


EXTAL XTAL 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max 

Freq.=4.0 MHz @ C; = 24 pF 

Rs =50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Co, Cy, and Rs values. 






EXTAL 





MCU 
5} EXTAL (Crystal Option, 
See Note 1) 


External 
Clock 
Input 


External Clock 


NOTES: 







MCU 
(RC Option, 
See Note 1) 


Approximately 25% to 50% Accuracy 
Typical toyc= 1.25 ps 
External Jumper 





a 
= 
oe 
oO 
Cc 
® 
=) 
los 
@ 
va 
Ss) 
® 
3 
Oo 
0 10 20 30 40 50 60 70 80 
Resistance (k{?) 
Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 
Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Refer 
to ELECTRICAL SPECIFICATIONS for Vcc specifications. 


External Clock 

An external clock should be applied to the EXTAL input 
with the XTAL input connected to Vss, as shown in Fig- 
ure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 













MCU 
S} EXTAL (Crystal Option, 
See Note 1) 


(SeeNote2) CO 


Crystal 





MCU 
(RC Option, 
See Note 1) 


5] EXTAL 





‘Connection 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


1. For the MC68705R5 MOR b7=0 for the crystal option and MOR b7=1 for the RC option. When the TIMER input pin is in the 
VIHTP range (in the bootstrap EPROM programming mode), the crystal option is forced. When the TIMER input is at or below 
Vcc, the clock generator option is determined by bit 7 of the Mask Option Register (CLK). 

2. The recommended C; value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
‘nternal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on 


each pin should be scaled as the inverse of the frequency ratio. 


For example, with a 2 MHz crystal, use approximately 50 pF on 


EXTAL and approximately 25 pF on XTAL. The exact value depends on the Motional-Arm parameters of the crystal used. 





Figure 1. Oscillator Connections 
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TIMER 

This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the bootstrap pro- 
gram. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO-PC7, 
PDO-PD7) 

These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di- 
rection registers. Port D is a fixed input port. It has up to 
four analog inputs, plus two voltage reference inputs when 
the analog-to-digital converter is used (PD5/VRyH, PD4/ 
VRL), and an INT2 input. Port D lines can be read directly 
and used as binary inputs. If an analog input is used, then 
the voltage reference pins must be used in the analog 
mode. Refer to PROGRAMMING for additional informa- 
tion. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). Port D lines are input only. The 
port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 


reset and should be written to before setting the DDR 


bits. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 


Data Direction 
Register* Bit 


Latched 
Output 
Internal Data Bit 


Connections 


data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). See Table 1 for I/O 
functions and to Figure 3 for typical port circuitry. 

Port D provides reference voltage and multiplexed an- 
alog inputs. The VRL and VRH lines are internally con- 
nected to the A/D resistor. Port D can always be used as 
digital inputs, but for analog inputs, VRH and VR, must 
be connected to the appropriate reference voltage. 


NOTE 
Read-modify-write instructions should not be used 
when writing to the DDR because DDRs always read 
as ‘one’. | 
Table 1. I/O Pin Functions 


Data Latched 
Direction Output 


Register Data 


Bit Bit 





**Port B and C are three-state ports. Port A has an internal pullup 
devices to provide CMOS data drive capability. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and 1/O registers. The memory map is shown in Figure 
4. The location consist of user EPROM, bootstrap ROM, 
user RAM, a mask option register (MOR), a program con- 
trol register, miscellaneous register, A/D control regis- 
ters, and I/O. The interrupt vectors are located from $FF8 
to $FFF. The bootstrap is a mask-programmed ROM that 
allows the MCU to program its own EPROM. 





Figure 3. Typical Port I/O Circuitry and 
Register Configuration 
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7 
000 
1/O Ports 
Page Zero Timer 
Access With RAM 
Short 127 (128 Bytes) 
Instructions 128 Page Zero 
User EPROM 
255 (128 Bytes) 
256 


Main 
EPROM 
(3640 Bytes) 


3896 Mask Option Register 


3897 
= 


3968 Bootstrap 
ROM 
4087 (120 Bytes) 
4088 ; 
Timer Interrupt 

4089 
4090 

Interrupt J 4091 

Vectors 4092 
4093 





765 43 2 1 «0 


Port A Data Register $000 
Port B Data Register $001 


Port C Data Register $002 


[Per € Oat Regier 
303 
sos 
sos 
sos 
0 
on 
01 
| son 
08 
soc 
00 
soe 
sor 


RAM 
(112 Bytes) 


oO ON DO FPF W NY 


Stack 
(31 Bytes Maximum) 


127 $07F 


* Caution: Data direction registers (DDRs) are write-only; they read as $FF. 


Figure 4. Memory Map 


The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 0 


INDEX REGISTER (X) 

The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16- bit immediate value to create 


an effective address. The index register may also be used 
as a temporary storage area. 


7 0 


ae ee 


PROGRAM COUNTER (PC) 


The program counter is an 12-bit register that contains 
the address of the next byte to be fetched. 


a 8 7 0 
PCH PCL 





STACK POINTER (SP) 


The stack pointer is an 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


1 5 4 0 


ofofofofofi|r]| is | 
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CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. 


4 | 0 
paitn}z fc] 
Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last. 


arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic 1). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occured during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


RESETS ~ 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the reset 
line logic level. 








POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
‘the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRH{i milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure 5) typically provides sufficient 
delay. 





EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES — to provide an internal reset voltage. 


Js 


10 pF 





Figure 5. Power-Up RESET Delay Circuit 


INTERRUPTS 


The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external Port D (INT2) 
input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered: pending until the current instruction is complete. 


7 6 5 4 3 2.1 =O Pull 
Condition 
is Code Register 


PCL* 







n+) 


n+2 


n+3 


n-1 n+4 


n n+5 


Push 
* For subroutine calls, only PCH and PCL are stacked. | 


Figure 6. Interrupt Stacking Order 


NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardward interrupts and, if unmasked 
(| bit clear), proceeds with interrupt processing; other- 
wise, the next instruction if fetched and executed. Masked 
interrupts are latched for later interrupt service. if the 
timer interrupt status bit is cleared befere unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 
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Figure 7. Reset and Interrupt Processing Flowchart 


TIMER INTERRUPT 

If the time mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. The timer 
interrupt status bit can only be cleared by software. 


EXTERNAL INTERRUPT 

The external interrupt is internally synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 





an interrupt when the condition code | bit is clear. The 
following paragraphs describe two typical external in- 
terrupt circuits. 


Zero-Crossing Interrupt 


A sinusoidal input signal (ft maximum) can be used 
to generate an external interrupt (see Figure 8a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 


Digital-Signal Interrupt. : 

With this type of circuit (Figure 8b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw, tWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. The SWI 
execution is similar to the hardware interrupts. 
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(a) Zero-Crossing Interrupt 
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(tint Max.) Limiting} 
Rs1 MQ 
ac Inputs 


(b) Digital-Signal Interrupt 
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Level 
Digital 
Input — 


Figure 8. Typical Interrupt Circuits 


MODES OF OPERATION 


The MCU has two modes of operations. These modes 
are the normal and bootstrap. The following paragraphs 
describe the modes. 


NORMAL MODE 

This mode is a single-chip mode and is entered if the 
following conditions are met: (1) the RESET line is low, 
(2) the PCO pin is within its normal operational range, 
and (3) the Vpp pin is connected to Vcc. The next rising 
edge of the RESET pin nen causes the part to enter the 
normal mode. 








BOOTSTRAP 
The bootstrap mode is entered if the TIMER pin equals 
12 V. Refer to application note, MC68705P3/R3/U3 8-Bit 


Read Write 








fCIN Timer Data Register (TDR) 


8-Bit Counter 





EPROM Microcontroller Programming Module, (AN-857 
Rev.2). 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR) and/or the mask option register 
(MOR). The 8-bit counter may be loaded under program 
control and is decremented toward zero. When the timer 
reaches zero, the timer interrupt request bit (bit 7) in the 
timer control register (TCR) is set. Refer to Figure 9 for 
timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 


Microcomputer Internal Bus EPROM 
Write Read | Read 


‘ 8 
=p : 
6-of-12 


Program 
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Timer eid Sele 
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o Timer 
en Interrupt 
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Figure 9. Timer Block Diagram 
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| bit in the condition code register is cleared and the TCR 
bit 6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by (1) saving the present 
CPU state on the stack, (2) fetching the timer interrupt 
vector, and (3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic 1; however, the TCR bit 3 always reads as a logic 
0 to ensure proper operation with read-modify write in- 
structions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. The TDR is unaffected by 
reset. 


SOFTWARE CONTROLLED MODE 

This mode is selected when TOPT (bit 6) in the MOR 
is programmed to zero. The timer prescaler input can be 
configured for three different operating modes plus a 
disable mode, depending on the value written to TCR 
control bits 4 and 5 (TIE and TIN). The following para- 
graphs describe the different modes. 


Timer Input Mode 1 

When TIE and TIN are both programmed to zero, the 
timer input is from the internal clock (phase two) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 


Timer Input Mode 2 

When TIE=1 and TIN=0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is +1. 


Timer Input Mode 3 
When TIE =0 and TIN = 1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. 


Timer Input Mode 4 

When TIE and TIN are both one, the timer input is from 
the external clock. The external clock can be used to count 
external events as well as to provide an external fre- 
quency for generating periodic interrupts. Frequency of 
external input must be < fogc/8. 


MOR CONTROLLED MODE 

This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic one. The timer circuits are the 
same as described in SOFTWARE CONTROLLED MODE. 
The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore, bits 0, 1, 2, and 5 in the MOR control the pres- 
caler division and the timer clock selection. TIE (bit 4) and 


PSC (bit 3) in the TCR are set to a logic one when in the 
MOR controlled mode. TIM (bit 6) and TIR (bit 7) are 
controlled by the counter and software. 


TIMER CONTROL REGISTER (TCR) $009 

This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. The configuration of 
the TCR is determined by the TOPT (bit 6) in the MOR. 
When TOPT = 1, the TCR emulates the MC6805R2; when 
TOPT =0, the TCR is controlied by sottware. 


TCR with MOR TOPT = 1 
7 6 5 4 3 


2 1 0 
TIR TIM *. PSC | 7 * ‘i | 


TCR with MOR TOPT =0 

















7 ; 5 4 3 2 0 
nie_| psc | ps2 | psi | P30 
RESET: 

0 U U U U U U 


*The value of corresponding bits in MOR is written during RESET rising 
edge. These bits always read “one”. 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 
1 = Set when the timer data register changes to all 
zeros . 
O=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt 
1 =Interrupt inhibited 
0=Interrupt enabled 
TIN — External or Internal 
Selects input clock source 
1 = External clock selected 
0=Internal clock selected (fosc 4) 
TIE — TIMER External Enable | 
Used to enable external TIMER pin. When TOPT. 1, 
TIE is always a logical “‘one”’. 
1=Enables external timer pin 
0 = Disables external timer pin 
PSC — Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in- 
dicates a zero when TOPT =0. When TOPT =1, this 
bit will read a logical ““one1’’ and has no effect on 
the prescaler. 
PS2, PS1, PSO — Prescaler Select Bits 
Decoded to select one of eight outputs of the pres- 
caler 


NOTES 
When changing the PS bits in software, the PSC 
bit should be written to a ‘‘one” in the same write 
cycle to clear the prescaler. Changing the PS bits 
without clearing the prescaler may cause prescaler 
truncation. 
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psi | pso | —DivideBy 





MASK OPTION REGISTER (MOR) $F38 


The MOR is implemented in EPROM. This register con- 
tains all zeros prior to programming and is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 

7 6 


) 4 3 2 1 0 
cu | torr | cis | | sum j ez | ri | PO 


CLK — Clock (oscillator type) 
1 = Resistor Capacitor (RC) 
0= Crystal 
TOPT — Timer Option 
1 = MC6805R2 type timer/prescaler. All bits except 
6 and 7, of the TCR are invisible to the user. 
Bits 5, 2, 1, and 0 of the MOR determine the 
equivalent MC6805R2 mask options. 
0=AII TCR bits are implemented as a software pro- 
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re- 
spective TCR bits. 
CLS — Timer/Prescaler Clock Source © 
1=External TIMER pin 
0 = Internal clock 
Bit 4 | 
Not used if TOPT=1. Sets the initial value of TIE in 
the TCR if TOPT =0. 
1= Not used 
0 = Sets initial value of TIE in the TC 
SNM — Secure Mode 
1=EPROM contents cannot be access externally 
0=EPROM not programmed 
P2, P1, PO — The logical levels of these bits, when de- 
coded, select one of eight outputs on the timer prescaler. 








PROGRAMMING CONTROL REGISTER (PCR) $00B 


The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM. Because the 





bootstrap program manipulates the PCR when program- 
ming, the user need not be concerned with PCR in most 
applications. 


7 6 5 4 ‘) 2 1 ~—0 
Ce a Toon | ee 
RESET: 

U U U U U U 1 1 


PLE — Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any- 
time. 
1=Read EPROM 
_____ 0=Latch address and data on EPROM 
PGE — Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 
1=Inhibit EPROM programming —__" 
0=Enable EPROM programming (if PLE is low) 
VPON — Vpp On 
A read-only bit that indicates high voltage at the Vpp 
pin. When set to ‘‘one”’, disconnects PGE and PLE 
from the chip. 
1=No high voltage on Vpp pin 
0= High voltage on Vpp pin 


NOTE 


VPON being “zero” does not indicate that the Vpp 
level is correct for programming. It is used as a 
safety interlock for the user in the normal operating 
mode. 


VPON | PGE | PLE | Programming Conditions 


Programming mode (program 
EPROM byte) 













Programming disabled (latch 
address and data in EPROM) 
PGE and PLE disabled from 
system 


inva se ESO TES 
ena sae, PGE =0 =o 
oT tg age on Yep 


PGE and PLE disabled from 
system (operating mode) 


EPROM PROGRAMMING 


ERASING THE EPROM 


The EPROM can be erased by exposure to high-inten- 
sity ultraviolet (UV) light with a wavelength of 2537 angs- 
troms. The recommended integrated dose (UV intensity 
x exposure time) is 25Ws/cm2. The lamps should be 
used without software filters, and the MCU should be 
positioned about one inch from the UV tubes. Ultraviolet 
erasure Clears all bits of the MCU EPROM to the 0” state. 
Data then can be entered by programming “1s” into the 
desired bit locations. 


Looe 






MOTOROLA MICROPROCESSOR DATA 


3-632 








MC68705R5 


PROGRAMMING 


The MCU bootstrap program can be used to program 
the MCU EPROM. The alternate vectoring used to imple- 
ment the self-check is used to start execution of the boot- 
strap program. 

A MCM2532 UV EPROM (other industry standard 
EPROMs may be used) must first be programmed with 
the same information that is to be transferred to the MCU 
EPROM. The MC68705R5 is programmed the same as the 
MC68705R3. Refer to application note, WC68705P3/R3/U3 
8-Bit EPROM Microcontroller Programming Module 
(AN-857 Rev.2) for schematic diagrams and instructions 
on programming the MCU EPROM. 


EMULATION 


The MC68705R5 emulates the MC6805R2 and 
MC6805R3 “exactly”. The MC6805R2 and MC6805R3 mask 
features are implemented in the mask option register 
EPROM byte. The following list identifies a few minor 
exceptions to the exactness of the emulation. 

1. The MC6805R2 ‘‘future ROM” areas are imple- 
mented in the MC68705R5, and these 1728 bytes 
must be left unprogrammed to accurately simulate 
the MC6805R2. 

2. The reserved ROM areas have different data stored 
in them. In the MC6805R2, this area is used for self- 
check, and in the MC68705R5 this area is used for 
the bootstrap program. 

3. The MC6805R2 reads all ones in the 48 byte ‘future 
RAM" area. This area is not implemented on the 
MC6805R2 mask ROM version but is implemented 
on the MC68705R5. 

4. The MC68705R5 Vpp (pin 7) line is tied to Vcc during 
normal operations. On MC6805R2, this pin is 
grounded during normal operation; on MC6805R3, 
this pin is not connected. 
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ANALOG-TO-DIGITAL CONVERTER 


The chip resident 8-bit analog-to-digital (A/D) converter 
uses a successive approximation technique as show in 
Figure 10. Four external analog inputs can be connected 
to the A/D via port D. Four internal analog channels (VRH 
Vat, VRH ~~ VRL/2, VRH-VRL/4, and Vp_L) may be se- 
lected for calibration. The accuracy of these internal chan- 
nels may not meet the accuracy specifications of the 
external channels. 

Multiplexer selection is controlled by the AD control 
register (ACR) bits 0, 1, and 2. Refer to Table 2 for mul- 
tiplexer selection. The ACR is shown in Figure 10. The 
converter uses 30 machine cycles to complete a conver- 
sion of a sampled analog tnput. When the conversion Is 
complete, the digital value is placed in the AD result 
register (ARR); the conversion flag is set; selected input 
is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input, which is held internally, is sam- 
pled for five machine cycles. 

The converter uses VRH and VR as reference voltages. 
An input voltage equal to or greater than VRH converts 
to $FF. An input voltage equal to or less than VRr_, but 
greater than Vss, converts to $00. Maximum and mini- 
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and should 
be referenced to VR: for the raticmetric conversion. To 
maintain full accuracy of the AD, three requirements 
should be followed: (1) VRH should be equal to or less 
than Vcc, (2) VRL should be equal to or greater than VSs 
but less than maximum specifications, and (3) VRH VRE 
should be equal to or greater than 4 volts. 

The A’D has a built-in 1 2 LSB offset intended to reduce 
the magnitude of the quantizing error to - 12LSB rather 
than +0, - 1 LSB with no offset. This implies that, ig- 
noring errors, the transition point from $00 to $01 occurs 


ee 


Logic 


8 


A/D 
Result 


Register 


Figure 10. A/D Block Diagram 
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Table 2. A/D Input MUX Selection 


A/D Controi Register oh tice cata A/D Output (Hex) 
nput velecte 
Acr2|acri|acrol Min | Typ | Max | 


ANO 









m= 3-33 0000 


-~ OoO- OoO- O--—- © 





*Internal (calibration) levels 


at 12 LSB above VR_. Similarly, the transition from $FE 
to SFF occurs 1-1/2 LSB below VR}, ideally. 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 





‘Function | Mnemonic | 
| Load A from Memory | LDA 
Load X from Memory LDX 
Store A in Memory STA 
Store X in Memory STX 





Add Memory to A 
Add Memory and Carry to A 


Subtract Memory 
ed eatin 


ae 
cw 


Subtract Memory from A with Borrow B 


AND Memory to A 
fa ee gee an a a a 


> 
Zz 


N;N\; S| Lb 
0 );O 
01,0 OO 


5 


OR Memory with A ORA 
Exclusive OR Memory with A EOR 
Arithmetic Compare A with Memory _ . 
Arithmetic Compare X with Memory 
Bit Test Memory with A (Logical Compare) 
me | 


qa 


Jump Unconditional! M 
Jump to Subroutine | JSR 





READ-MODIFY-WRITE INSTRUCTIONS 


value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 








| Fanetion | Mnemonic 
INC 
DEC 
cLR 
cOM 
ROL 
ROR 
Logical Shift Right LSR 
Arithmetic Shift Right ASR 





Test for Negative or Zero TST 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 













Function 





Branch Always BRA 


Branch if Higher BHI 


BLS 
Branch if Carry Clear BCC 
BCS 
(BLO) 
BNE 


Branch if Equal BEO 
Branch if Half Carry Clear . . BHCC 



















Branch if Interrupt Line is Low 
Branch if Interrupt Line is High 


. BSR 





Branch to Subroutine 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
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all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 
lation instructions. 






















Branch if Bitnis Set £|BRSET n(n=0...7) 


(n=0 
Branch if Bit n is Clear BRCLR n (n=0... 7) 









) 
) 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


Mnemonic 
Transfer A to X TAX 
Transfer X toA 


Function 











Set Carry Bit 











Clear Carry Bit CLG 
Set Interrupt Mask Bit SEI 
Clear Interrupt Mask Bit CLI 
Software Interrupt SWI 
Return from Subroutine RTS 
Return from Interrupt RT| 
Reset Stack Pointer ae RSP 
No-Operation NOP 














OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two-byte di- 
rect addressing instructions access all data bytes in most 


applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
thai do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next Instruction. The 
span of relative addressing is from 126to + 129 from 
the opcode address. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 
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Table 3. Opcode Map 








_Bit Meni pulation | Branch | 
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Read-Modify-Write “al Control | Register /Memo: 
INH iX1 Sas INH INH IMM DIR | EXT | 1 ae ee ee ee 
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Abbreviations for Address Modes 


INH 
IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
1X1 
IX2 


Inherent 

immediate 

Direct 

Extended 

Relative 

Bit Set/ Clear 

Bit Test and Branch 

indexed (No Offset) 

indexed, 1 Byte (8-Bit) Offset 
indexed, 2 Byte (16-Bit) Offset 


py 
fo.) 
oO 
- 
Pe) 
Q 
D 
(o) 
f~ 
wD 
ZY 
(@) 
- 
x 
5x 
=x 
NO 
i) 
om 
DD 















































BRCLRO "BCLRO CMP 
2 2 IX 
4 
BRSETY " BSET! BHI SBC 
R : 
4 5 6 
R 3 ue 3 ae 1 IX 0 
4 7 4 5 6 4 
BRSET2 " BSET2 BCC LSR LSR AND AND AND AND AND 
3. R R 2 IX | 4 ix te 2 IMM | 2 DIK | 3 EXT | 3 IxX2 | 2 1X i IX 0100 
4 : 4 5 6 4 
'BRCLAZ " BCLAZ BCS ; BIT Fee 
R x 010 
4 ss 6 4 
‘BRSET3 ' BSET3 BNE | RORA " RORX ROR ROR LDA ae 
DIR INH INH ixX1_] 4 1X 1 Ix 
4 7 6 ai 
‘BRCLAS " BCLRS BEQ woeh euanet ~ ASRX ASR ASR STA 
REI INH ; IX1 ] 4 IX — i IX “O1N1 
‘BRSET4 " BSETA "BHCC Pusu | cae ee * Esex LSL LSL EOR 8 
INH IX [1 ix | 1 IX 1000 
6 4 
BRCLRA " BCLRA " BHCS [Ero] ROLA "ROL ROL ROL ADC ae 
3. INH INH 1X1 } IX yo 1 Ix 
'BRSETS " BSETS il, Pn DECA "DECK DEC DEC ORA .@) ORA 
INH INH | 2 xt [4 Ix 1 INH | 2 IMM 2 DIR | 3 EXT | 3 iX2 | 2 ix] 1 Ix 1010 
3, 1 INH {| 2 IMM 3 DIR 3 EXT [ 3 iX2 | 2 IX1 
4 7 6 
2 REL 1 IN 2 1X1 1 Ix 1 INH 5 2 DIR | 3 EXT} 3 IX2 | 2 x14 4 Ix 1100 
4 4 7 3 9 4 
1 INH | 2 x1 {4 ix 1 INH | 2 REL | 2 DIR | 3 EXT | 3 x2 | 2 x1 i 1X 
2 4 3 
2 REL 2 IMM | 2 DIR | 3 EXT] 3 iX2] 2 IX1 {4 1x 
ak ; ae 
F 





6 2 : 
Xt} 1 Ix 1 INH 2 OIR | 3 EXT] 3 X27 2 (XT } 4 Ix W411 
LEGEND 
Opcode in Hexadecimal 
# of Cycles Opcode in Binary 
Mnemonic 
Bytes 
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INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Any read/write 
bit in the first 256 locations of memory, including 1’O, can 
be selectively set or cleared with a single two-byte in- 
struction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 


bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory iocation. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from ~ 125to i 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained tn the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 



























































































Value Unit These devices contain circuity to protect 
ai the inputs against damage due to high static 
Supply Voltage - 0.3 to + 7.0 V voltages or electrical fields; however, it is ad- 
Input Voltage V vised that normal precautions be taken to 
EPROM Programming Voltage avoid application of any voltage higher than 
(Vpp Pin) Vpp -0.3to +22.0 aan Miata voltages to this neni: 
TIMER Pin — Normal Mode Vi SO 3te 270 ance circutt. For proper operation, tt ye 
TIMER Pin — Bootstrap ommended that Vin and Voyt be constrained 
Programming Mode Vin -0.3 to + 15.0 to the range Vgs’ (Vin and Vout!’ Vcc. Re- 
All Others Vin | ir S460 7.0 liability of operation is enhanced if unused 
: t —} inputs except EXTAL are tied to an appro- 
Operating Temperature Range TA TL to TH Cc priate logic voltage level (e.g., either Vss or 
MC68705R5 Oto +70 Vcc). 
MC68705R5C 40 to + 85 
E eee 
| Storage Temperature Range Tstg 55 to + 150 C 
Junction Temperature Ty CW 
Plastic 150 
Cerdip l! 175 
THERMAL CHARACTERISTICS 
, 7 
Characteristic SYMBOL Value Unit 
+ = 
Thermal Resistance 
Plastic (P Suffix) HA 50 CW 
Plastic (FN Suffix) 100 
Cerdip (S Suffix) Hes 60 
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POWER CONSIDERATION 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Ta t+ (Pp ° bya) (1) 
where: 
TA = Ambient Temperature, °C 
OLA = Package Thermal Resistance, 


Junction-to-Ambient, °C/W 
Pos = Pint+Pport . 
= loc x Vcc, Watts — Chip Internal Power 
= Port Power Dissipation, 
Watts — User Determined 


ELECTRICAL CHARACTERISTICS 
(VCC 


Characteristic 


Input High Voltage 
RESET (4.75 - Vcc ~ 5.75) 
(Vcc: 4.75) 
INT 4.75 - Vcc: 5.75) 
(Vcc: 4.75) 
All Other 


Input High Voltage (TIMER Pin) 
Timer Mode 
Bootstrap Programming Mode 





For most applications PeortT<Pint and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 


Pp =K+(Ty + 273°C) se 1) 
Solving equations (1) and (2) for K gives: 
K=Pp ° (Tp + 273°C) + by AsPD2 (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ty. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta 


_ + 5.25 Vde +0.5 Vdc, Vgg =0 Vde, Ta =0'C to 70°C, unless otherwise noted) 




















Input Low Voltage 
~ RESET 

INT. 

All Other 


INT Zero-Crossing Input Voltage — Through a Capacitor 








Internal Power Dissipation (No Port Loading, Vcc =5.25 V 


for Steady-State Operation) 


Input Capacitance 
EXTAL 
All Other (See Note) 


RESET Hysteresis Voltage 
Out of Reset Voltage 
Into Reset Voltage 


Programming Voltage (Vpp Pin) 
Programming EPROM 
Operating Voltage 


Input Current 
TIMER (Vin = 0.4 V) 
INT (Vin = 0.4 V) 
EXTAL (Vin = 2.4 V to Vcc) 
(Vin = 0.4 V) 
RESET (Vjn = 0.8 V) 
(External Capacitor Changing Current) 


*Vpp (pin 7) is connected to Vcc in the normal operating mode. 


TA =0°C 








**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 


NOTE: Port D analog inputs, when selected, Cj, = 25 pF for the first 5 out of 30 cycles. 
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vcc =5.25 Vde + .05%, Vss =0, Ta = 20°C to 30°C, unless otherwise noted) 





Characteristic 













Programming Voltage 





Vpp Supply Current 
Vpp 5.25 V 
Vpp 21.0 V 











Oscillator Frequency | fosc(p)_ 


j Bootstrap Programming Mode Voltage VIHTP 
(TIMER Pin) (@ lWYyTP 100 pA Maximum 











SWITCHING CHARACTERISTICS 
(Vcc +5.25Vde '0.5Vdce,Vss 0Vdc,Ta OC to 70C, unless otherwise noted) 









o— >~——— 
































Characteristic | Symbol | Min 
te 
Oscillator Frequency fosc 
Normal | a. 
Instruction Cycle Time (4 fogc) iL teye io 0.950 
i INT, INT2, or Timer Pulse Width | tWe WH | teye + 250 
RESET Pulse Width tRWL teyc + 250 
RESET Delay Time (External Cap 1.0 F) _ tRHL 
INT Zero Crossing Detection Input Frequency fINT 
External Clock Duty Cycle (EXTAL) les _ 











Crystal Oscillator Start-Up Time aed 





A/D CONVERTER CHARACTERISTICS 
(Vec= +5.25V +05 Vde,Vss 0Vdc, Ta OC to 70C, unless otherwise noted) 
T T a 













































































Characteristic Min Typ Max | Unit Comments 
Resolution 8 8 8 Bits | : 
Non-Linearity . ~ — aie LSB I For VRH = 4.0 to 5.0 V and Vp, =0 V. 
Quantizing Error — — 12 LSB 
t— T if as 
| Conversion Range J VRL [ eee | VRH i. | 
VRH | — — Vcc V A.D accuracy may decrease proportionately as 
+ +— 
VRL Vss — 0.2 V VRH is reduced be below 4.0 V. The sum of VRH 
and VpR, must not exceed Vcc. 
L + — — +— 
Conversion Time 30. | 30 —{|_—s 30 | _teye Includes sampling time 
: aes 
Monotonicity | Inherent (within total error) 
oa ~— 5 coe 7 
Zero Input Readi 00 00 01 hexadecimal Vin=0 
E ero Input Reading i. | 1 xadecim in | 
Ratiometric Reading FE FF FF hexadecimal Vin = VRH 
Sample Time 5 5 5 tovec 
[ Sample/Hold Capacitance, woe — iz — = 25 pF 
Analog Input Voltage VRL — VRH V Negative transients on any analog lines (pins 19- 
24) are not allowed at any time during conversion. 
L _L [eos 
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PORT ELECTRICAL CHARACTERISTICS 


MC68705R5 


(Vcc = +5.25 Vde +0.5 Vde, Vgg =0 Vdc, Ta =0° to 70°C, unless otherwise noted) 


symbol | Min | typ | Max | Unit 














: Port A 
_ Output High Voltage, ILoad= = 100 wA | re ia a ee 
Output High Voltage, ILpaqd= —10 pA ~VOH Bee oe eee ee ee 
Input High Voltage, IL gaq= ~ 300 pA (Max) Vin a a a a ee 
Input Low Voltage, IL oad = — 500 pA (Max) VIL Vss eee ee ae ee 
Hi-Z State Input Current (Vjp = 2.0 V to Vcc) Ny eo: Se ae 
Hi-Z State Input Current (Vin =0.4 V) Ne ie — 500 
Port B_ | 
Output Low Voltage, ILgaq=3.2 MA | VOL _ ae a eee ae 
: Output Low Voltage, ILoad = 10 mA (Sink) VOL ee ,— 
Output High Voltage, ILoaq= - 200 pA VOH 2.4 _ a ee ae 
| Darlington Current Drive (Source), VQ =1.5 V . IOH 21:0 ea ee ae 
Input High Voltage _ owes Vik ee ee 
Input Low Voltage > a ee ee 
| Miz State Input Current 10 


ae ; Port C 
Output Low Voltage, ILogg=1.6 mA 


Oo 
= 





Output High Voltage, lLoad= ~ 100 pA 
Input High Voltage 


< 


O 
pe 
NEN N 
ol;n roo ie 


re 
N 


QO 
O 


— 
© 


Input Low Voltage V 


— 


SS 


<ixji< 
eae 


_Hi-Z State Input Current ITS} 
, Port D (Input Only) 


| Input High Voltage VIH 
Input Low Voltage VIL VSS 





rk ‘| 
o O 

oO 

: ; 


| Input Current 


Vcc =5.75V 
Point or Equiv. 








1.45 kQ 


Test Point amas 





30 pF (Total) 


40 pF AR 12kQ YW MMD7000 
(Total) | 5 or Equiv. 
Figure 11. TTL Equivalent Test Load Figure 12. CMOS Equivalent Test Load 
(Port B) (Port A) 
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Vcc=5./5V 










Test MMD6150 
Point or Equiv. 2.91 kQ 
30 pF MMD7000 
or Equiv. 






(Total) 


Figure 13. TTL Equivalent Test Load 
(Ports A and C) 


Port Data 





IP = Input Protection 


Figure 15. Ports A and C Logic Diagram 


To 1/0 Logic 





Figure 17. Typical Input Protection 


Vcc =5.75 V 
3.34 kD 
Test 
Point 
an 30 pF (Total) 


Figure 14. Open-Drain Equivalent Test Load 
(Port C) 


VoD 
C) 





1-10k Typ. 





PB DDR 
PB Data 


IP = Input Protection 


Figure 16. Port B Logic Diagram 


Test Point eg dt 


Vary V, 


Measure | 
6. 


Figure18. I/O Characteristic 
Measurement Circuit 
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MECHANICAL DATA 


ORDERING INFORMATION 


The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705R5. 


Table 4. Generic Information 


Package Type Order Number 
Cerdip ~ 0°C to 70°C MC68705R5S 
S Suffix — 40°C to +85°C MC68705R5CS 
Plastic 0°C to 70°C MC68705R5P 
P Suffix — 40°C to 85°C MC68705R5CP 
— 40°C to 85°C MC68705R5CFN 


PLCC 





















| FN Suffix 





_PIN ASSIGNMENTS 


Vssfl @ 40 [J PA7 


RESETQ}2 . 39 T]PA6 
iNT 38 IJPAS 
Vec 44 37 1) PA4 
EXTALQ5 36] PA3 
XTALO6 351] PA2 
VppQ7 34 fT] PAI 
TIMERQ]/ 8 33 f1PAO 
pcogy9 32 1} PB7 
PC1f}10 311] PB6 
Pc2g11 30 PB5 - 
PC3{}12  PB4 
PC4f}13 28] PB3 
pc5]14 271] PB2 
Pcéf}1s 26[]PB1 





PC7Q16 251] PBO 
TOO OO oo ao 
PO7Q]17 241] PD0/ ANO SSs82n4rN55 
1 YW); OC} oc 
PD6/INT2 018 23 [J PD1/AN egaeag aVigifzac 
PDS/VRHf 19 }PD2/AN2 Or N 4 FJ HOS 
le oe AanaAaA ABA 
PD4/VRi 1120 21{] PD3/AN3 oOaada a oon 
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TECHNICAL DATA NVIC68705S3 


Technical Summary 


8-Bit EPROM Microcontroller Unit 


The MC68705 (HMOS) Microcontroller Unit (MCU)is an EPROM member of the MC6805 Family of 
microcontrollers. The user programmable EPROM allows program changes and lower volume ap- 
plications. This high performance MCU has parallel I/O capability with pins programmable as input 
or output. This publication contains condensed information on the MCU; for detailed information, 
refer to Advance information 8-Bit Microconiroiler (ADI997R1) of contact your jocal Motorola saies 
office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. 

@ One 7-Bit and One 15-Bit Software Programmable Prescaler 
On-chip Oscillator 3752 Bytes of EPROM 
Memory Mapped 1|/O 104 Bytes of RAM 


@ Bootstrap Program in ROM 
e 
e 
Versatile Interrupt Handling @ Serial Peripheral Interface 
@ Two 8-Bit and One 16-Bit Timers 
e A/D Converter 
e 


EPROM Read Inhibit Security Bit 


Bit Manipulation 
Bit Test and Branch Instruction 
Vectored Interrupts 





BLOCK DIAGRAM 


3 


PRESCALER1/PCO PRESCALER2/PC1 


O C) 
XTAL Q db | TIMER A A | PRESCALER 1 1 | PORT C | C | TIMER C | C | CAPTURE | 
CLOCK 
EXTAL O h2 TIMER A CONTROL | DOR | TIMER C CONTROL 
. REGISTER REGISTER 
MISCELLANEOUS 
REGISTER 





















PAO 

PAI 

PA3 PROGRAM ——O Vs 

se “iow 

PAS PROGRAM 

PAG eee COUNTER | © ANO/PDO 

PAT ee F © ANI/PAT 

RESET an O AN2/PD2 

—s O AN3/PD3 

INTI Poe dre Hal 

cs a 

CEEEEEE > 


PORT D VSTBY 


SPI DATA PORT B 


O O O O 
PBO PBI PB2 PB3 
SPISS SPICL SPID  SPID 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc and Vss 

Power is supplied to the microcontroller using these 
two pins. Vcc is + 5.25 volts (+0.5A) power, and Vss¢ is 
ground. . ; 


NUM 


This pin is for factory use only. It should be connected 
to Vss.. . 


INT1, INT2 | 


These pins provide the capability for asynchronously 
applying an external interrupt to the MCU. Refer to IN- 
TERRUPTS for more detailed information. 


XTAL, EXTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal (depending 
on setting of the Mask Option Register) is connected to 
these pins to provide a system clock. 


RC Oscillator 


With this option, a resistor/capacitor combination is 


connected to the oscillator pins as shown in Figure 1(c). 
Refer to Figure 2 for the relationship between R and fogc. 


Cy 


EXTAL Ly Rs XTAL 
27 Co | 26 


At-CUT PARALLEL RESONANCE 
CRYSTAL 

Co=7 pF MAX. 

FREQ. = 4.0 MHz(u Cy = 24 pF 

Rs = 40 OHMS MAX. 













EXTERNAL ai 

CLOCK 7~— 

INPUT 27) EXTAL  E\THER CRYSTAL 
(TTL COMPATIBLE, OR RC MASK 
LOW IMPEDANCE OPTION 

SOURCE) 


EXTERNAL CLOCK 


NOTE: 


APPROXIMATELY 10% to 25% 
ACCURACY 

EXTERNAL RESISTOR 

(EXCLUDES RESISTOR TOLERANCE) 





= 
= 
3 
2 
= 
2 
3 
3S 
wn 
fom] 
RESISTANCE (k&2) 
Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 
Crystal 


The circuit shown in Figure 1(b) is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. 


External Clock 
An external clock should be applied to the EXTAL input 
with the XTAL input grounded, as shown in Figure 1(d). 









MCU 
271 exta (CRYSTAL MASK 
OPTION 


(SEE NOTE) ps 









CRYSTAL 







XTAL 





MCU 
EXTAL (RESISTOR MASK 
OPTION) 


(RESISTOR MASK 
OPTION) 











APPROXIMATELY 25% to 50% 


ACCURACY 
TYPICAL teyc = 1.25 ps 
EXTERNAL JUMPER 


The recommended Cy value with a 4.0 MHz crystal is 27 pF, maximum, including system distributed capacitance. For crystal 


‘requencies other than 4 MHz, the total capacitance on each pin should be scaled as the inverse of the frequency ratio. For 
example, with 2 MHz crystal, use approximately 50 pF on EXTAL and approximately 50 pF on XTAL. The exact value depends 


on the motional-arm parametes of the crystal used. 


Figure 1. Oscillator Connections 
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This option may only be used with the crystal oscillator 
option selected in the mask option register. 


PCO, PC1 


This pins allow an external input to decrement the in- 
ternal timer/counter circuitry. Refer to TIMERS for addi- 
tional information. 


RESET/Vpp 


This pin has a Schmitt trigger input. The MCU can be 
reset by pulling RESET low. The Vpp input is used to 
input the programming voltage to the MCU EPROM. A 
1K ohm pullup resistor should be used to allow proper 
operation of the reset and watchdog timer operations. 





INPUT/OUTPUT LINES (PA0-PA7, PBO-PB3, PCO-PC1, PDO- 
PD6) 


Ports A, B, and C are programmable as either inputs 
or outputs under software control of the data direction 
registers. Port D is a fixed input port and not controlled 
by any data direction register. Port D has up to five analog 
inputs, plus two voltage reference inputs when the an- 
alog-to-digital (A/D) converter is used (PD5/VRH, PD4/VR, ) 
and an INT2 input. If the analog input is used, the voltage 
reference pins (PD5/Vpy and PD4/Vp|) must be used in 
the analog mode. Refer to INPUT/OUTPUT PORTS for 
additional information. 


INPUT/OUTPUT PORTS 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 














DATA 
DIRECTION REGISTER 
BIT* 


LATCHED 
OUTPUT 
DATA 
BIT 


INTERNAL 
CONNECTIONS 









Data 
















Direction Output Input 
Register Data Output To 
Bit Bit State MCU 





0 0 
1 1 
High-Z** Pin 


direction register (DDR). The port I/O programming is 
accomplished by writing the corresponding bit in the port 
DDR to a logic one for output and a logic zero for input. 
On reset, all DDRs are initialized to a logic zero state to 
put the ports in the input mode. The port output registers 
are not initialized on reset and should be written to before 
setting the DDR bits. 

Port D provides the multiplexed analog inputs, refer- 
ence voltages, and INT2. These lines are shared with the 
port D digital inputs. PDO-PD3 may always be used as 
digital or analog inputs. The VR, and VRH lines are in- 
ternally connected to the A/D resistor. Analog inputs may 
be prescaled to obtain the VR, and VRH recommended 
input voltage range. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (one). Refer to Table 1 for t/ 
O functions and to Figure 3 for typical port circuitry. 


PORT B TOGGLE CAPABILITY 


Port BO and B1 registers have toggle capability at the 
timer underflow times. Under the control of the timer 
output cross-couple bit in the miscellaneous register 
(MRO), the overflow pulses from timer A, B, and C are 
directed to port BO and B1 data registers. See Figure 4 
for port B configuration flow chart. 

An incoming toggle pulse on port BO is allowed to 
toggle the data register if port B DCR bit 4 (DCR4) is 










*DDR is a write-only register and reads as all “1s”. 
**Ports A, B, and C are three-state ports. Port A has optional 


internal pullup devices to provide CMOS drive capability. See 
Electrical Characteristics tables for complete information. 


Figure 3. Typical Port I/O Circuitry and Register Configuration 
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Figure 4. Port B Configuration 
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cleared. This bit is set on reset. An incoming toggle pulse 
on port B1 is allowed to toggle the port B1 data register 
under the following conditions governed by control bits 
in SPI control register and SPI clock arbitration flip-flop 
status. 

PB1 toggle enable = (SPICR7)*SPICR4- 

(PBO + DDRBO) + SPICR2- 
SPICR4*CLAQ 
where: SPICR7=SPI interrupt request bit 
SPICR4 = SPI operation enable bit 
SPICR2 = port B1 toggle enable/start bit 
CLAQ =clock arbitration flip-flop output 

When PB1 toggle enable is asserted, the MCU write to 
PB1 data register is inhibited. When SPI is not used, SPICR4 
and CLAOQ are reset. Therefore, SPICR2 can directly con- 
trol the port B1 toggle capability. Port toggle capability 
allows action on port BO or B1 or both as a result of timer 
overflows. This method speeds up timer overflow to port 
service. A write to port BO or B1 data registers is inhibited 
while the individual port toggle enable is asserted. 

The port B DCR consists of four status bits (DCR4-DCR7) 
and four data direction bits (DCRO-DCR3). DCR4 is a tog- 
gle enable control bit for port BO. When cleared, the timer 
overflow pulse causes the data register on port BO to 
toggle. Port A has an 8-bit and port C has a 2-bit wide 
data direction register. 





MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
5. The locations consist of user EPROM, bootstrap ROM, 
user RAM, eight timer registers, a mask option register 
(MOR), a miscellaneous register, a program control reg- 
ister, two A/D registers, two SPI registers, and four I/O 
port registers. The interrupt vectors are located from $FF8 
to $FFF. The bootstrap is a mask-programmed ROM that 
allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 

The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 

7 0 


MOTOROLA MICROPROCESSOR DATA | 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


7 0 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 


1 8 7 0 
PCH PCL 


STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

' The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


0 


W 5 4 
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CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. 
fafitwiz{e 
Half Carry (H) 
This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


_When this bit is set, the timer (A, B, and C), the external 
(INT1 and INT2) interrupts, and the SPI interrupt are 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and is processed as soon as 
the interrupt bit is cleared. 





Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic one). 
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Figure 5. Memory Map 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. — 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


MISCELLANEOUS REGISTERS (MR) $0A 


This register contains control and status information 
related to INT2, auxiliary counter, prescalers 1 and 2, and 
timer overflow. 


~ MOTOROLA MICROPROCES 
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RESET: 
0 1 0 1 0 0 


MR7 — INT2 Interrupt Request Bit 
If not masked by MR6, it causes an interrupt to the 
MCU; if the | bit in the CCR is clear, the MCU will 
acknowledge the interrupt. 
1=Interrupt requested 
0=Interrupt not requested 
MR6 — INT2 Interrupt Request Mask 
1=Inhibits INT2 interrupt request 
0= Does not inhibit INT2 interrupt request 
MR5 — Auxiliary Counter Status/Preset Bit 
If not masked by MR4, it will drive a switch to Vss on 
the RESET pin causing the MCU to reset. This bit may 
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be used as an auxiliary counter preset bit. If MR5 is 
clear, a write of logic one will preset the auxiliary counter 
(MR5 will remain zero), and if set, a write of logic zero 
will preset the auxiliary counter. 
1 = Auxiliary counter overflow 
0 = Auxiliary counter clear 
MR4 — Watchdog Control Bit 
This bit cannot be set via software. The watchdog timer 
can only be disabled by reset. 
1= Watchdog timer disabled 
0 =Watchdog timer enabled 
MR3 — Prescaler 1 Clear Bit 
Presets the contents of prescaler 1 to $7F. 
1=Prescaler 1 preset 
O=Prescaler 1 not preset 
MR2 — Prescaler 2 Clear Bit 
Presets the contents of prescaler 2 to $7FFF. 
1=Prescaler 2 preset 
0=Prescaler 2 not preset 
MR1— Prescaler Cross-Couple Bit 
This bit controls the output of prescalers 1 and 2 and 
directs them to either timer A or B clock inputs. 
1=Prescaler 1 feeds timer B clock input, and pres- 
caler 2 feeds timer A input 
0 = Prescaler 1 output is used as clock input for timer 
A, and prescaler 2 output is used as clock input 
for timer B 
MRO — Port B Toggle Cross-Couple Bit 
This bit controls the overflow pulses of timers A and 
B and directs them to either port BO or B1. 
1=Timer A overflow output is directed to port BO, 
and timer B or timer C (depending on the status 
of MORS5) output is directed to port B1 


3-10 kQ 


INTERNAL 
RESET 


LOW-VOLTAGE 
INHIBIT 
CIRCUIT 











*MASK OPTION 


MISCELLANEOUS REGISTER 













STRONG 
DISCHARGE 
DEVICE 


0 = Overflow output pulse of timer A is used as a port 
B1 data register toggle clock source, and timer B 
or timer C overflow output pulse is directed to 
port BO toggle clock input 


RESETS 


The MCU can be reset four ways: (1) by initial power- 
up; (2) by the external reset input (RESET); (3) by a forced 
reset generated by the ‘“‘watchdog”’ counter; and (4) by 
an optional internal low voltage detect circuit. The RESET 
input consists mainly of a Schmitt trigger that senses the 
line logic level. Figure 6 shows the MCU reset circuit. 








POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on conditions and 
should not be used to detect any drop in the power supply 
voltage. A delay of tRH, milliseconds is required before 
allowing RESET input to go high. Connecting a capacitor 
to the RESET input (Figure 7) typically provides sufficient 
delay. 


EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES— to provide an internal reset voltage. 


FORCED RESET 


If the auxiliary counter reset mask bit in the miscella- 
neous counter (MR4) is cleared and the auxiliary counter 








“1kO 
220 kQ) 
TYP. 
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Figure 6. MCU Reset Circuit 
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Figure 7. Power-Up Reset Delay Circuit 


status bit (MR5) is set, as a result of counter overflow, a 
switch to Vss is turned on pulling the RESET pin low. A 
consequent voltage drop below Vip—Es— on RESET causes 
a reset, which in turn sets MR4. Switching to Vss when 
the RESET pin is turned off allows voltage to rise above 
VIRES+, after which the reset is released. RESET pin 
voltage variation occurring as a result of forced reset may 
be amplified externally in order to provide a reset to other 
peripheral circuits in the system. The reset output from 
the MCU is not TTL compatible. : 














LOW-VOLTAGE INHIBIT (LVI) 


The optional low-voltage detection circuit causes a re- 
set of the MCU if the power supply voltage falls below a 
certain level (VL\y|). The only requirement is that the Vcc 
must remain at or below the V, y| threshold for one teyc 
minimum. 

In typical applications, the Vcc bus filter capacitor will 
eliminate negative-going voltage glitches of less than one 
teyc. The output from the low-voltage detector is con- 
nected directly to the internal reset circuitry. It also forces 
the RESET pin low via a strong discharge device through 
a resistor. The internal reset is removed once the power 
supply voltage rises above a recovery level (Vivp) at 
which time a normal power-on reset occurs. 


INTERRUPTS 


The MCU can be interrupted eight different ways: 
through the external interrupt INT1 input pin, with the 
internal timer (either A, B, or C) interrupt request, using 
the software interrupt instruction (SWI), SPI interrupt re- 
quest, external port D bit 6 (INT2) input pin, or at reset. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 8. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted, but are con- 
sidered pending until the current instruction is complete. 


NOTE 
The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts and, if unmasked 


P Beh As 2 To 0 PULL 
CONDITION 
CODE REGISTER 
ACCUMULATOR 
INDEX REGISTER 


PCL* 












n+] 


PUSH 
*For subroutine calls, only PCH and PCL are stacked. 


Figure 8. Interrupt Stacking Order 


(| bit clear), proceeds with interrupt processing; other- 
wise, the next instruction is fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 9 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


Each interrupt, except INT1, has a separate mask bit 
which must also be cleared, in addition to the | bit, for 
the MCU to acknowledge the interrupt. The INT2, timer 
A, timer B, timer C, and SPI interrupts each have their 
own independent mask bits contained in MR6, TACR6, 
TBCR6, TCOM, TCCM, and SPICR6. The interrupt routine 
must determine the source of the interrupt by examining 
the interrupt request bits, TACR7, TBCR7, MR7, TCOF, 
TCCF, and SPICR7. These bits must be cleared by soft- 
ware. The INT1 interrupt has its own vector address. 
Therefore, the INT1 interrupt request is cleared auto- 
matically, and then the INT1 vector is serviced. 











EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT1 and INTZ2. Clear- 
ing the | bit enables the external interrupt. The INT2 in- 
terrupt has an interrupt request bit (bit 7) and a mask bit 
(bit 6) in the miscellaneous register (MR). The INT2 in- 
terrupt is inhibited when the mask bit is set. The INT2 is 
always read as a digital input on port D. The INT2 and 
timer interrupt request bits, if set, cause the MCU to proc- 
ess an interrupt when the condition code | bit is clear. 
The following paragraphs describe two typical external 
interrupt Circuits. 








Zero-Crossing Interrupt 


A sinusoidal input signal (fj 771 Maximum) can be used 
to generate an external interrupt (see Figure 10a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows: applications 
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Figure 9. Reset and Interrupt Processing Flowchart 


such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 


Digital-Signal Interrupt 


With this type of circuit (Figure 10b), the INT1 pin can 
be driven by a digital signal. The maximum frequency of 
a signal that can be recognized by the TIMER or INT1 pin 
logic is dependent on the parameter labeled tw , twH. 
Refer to TIMER for additional information. 





SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardiess of the state of the | bit in the CCR. If the | bit 


is zero, SWI executes after the other interrupts. The SWI 
execution is similar to the hardware interrupts. 


TIMERS 


The MCU has four timers and two programmable pres- 
calers. The timers are identified as timer A, B, C, and the 
auxiliary counter. Refer to Figure 11 for timers A, B, and 
C block diagram. The following paragraphs described the 
different timers. 


TIMER A 


Timer A is an 8-bit programmable down counter, which 
can be loaded under program control. Timer A also 
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R<1 MQ 
AC INPUT 
210 Vacp-p: 


~ (A) ZERO-CROSSING INTERRUPT 





(B) DIGITAL-SIGNAL INTERRUPT 


Figure 10. External Interrupt 


includes a modulus latch which allows the timer to be 
“auto-reloaded.”’ As clock inputs are received, timer A 
decrements toward $00. When $00 is reached, bit 7 in the 
timer A control register is set and the timer is reloaded 
with the contents of the modulus latch. An underflow 
condition is also generated when value $00 is reached. 
This state can be used to toggle bit 0 or bit 1 of port B 
directly under the control of the miscellaneous register 
(MRO), the SPI control register, and the port B data di- 
rection register. Setting TACR6 or the | bit in the condition 
control register will prevent timer interrupts from being 
processed. The timer interrupt request bit MUST be 
cleared by software. There are three ways of loading data 
from the modulus latch into timer A as described in the 
following paragrahs. 


Direct Loading 


When the MCU writes to timer A data register, the data 
is latched by the modulus latch, and forced into the timer. 
This operation requires that TACR3 be cleared. 


Asynchronous External Event Loading 


When TACR3 is a logic one, the contents of the mod- 
ulus latch are transferred to the timer at the rising edge 
of INT2 interrupt request bit (MR7) gated with interrupt 
request mask bit (MR6). If this loading is used, care must 
be taken in programming as it will start an interrupt serv- 
ice routine if the | bit in the CCR is clear. Loading $00 to 
timer A allows a countdown of 256 clocks before the next 
$00 state is reached. 


Auto-Loading 


The modulus latch is automatically loaded when the 
timer reaches $00. This loading is dependent on the set- 
ting of TACR3. Auto-loading also occurs in both the pre- 
vious loading modes. Timer A can be read at any time 
without affecting the countdown of the timer. The timer 
and modulus latch are set to $FF on reset. 


NOTE 


Loading $01 to timer A should be avoided when 
operating with a divide-by-one prescaler. Doing so 


will inhibit timer A auto-loading, interrupt genera- 
tion, and port B toggle mechanisms. | 


TIMER A CONTROL REGISTER $09 


7 6 ) 4 3 2 1 0 
TACR7 | TACR6 | TACRS | TACR4 | TACR3 | TACR2 | TACR1 | TACRO 


RESET: 


0 1 0 0 0 0 0 0 

TACR7 — Timer A Interrupt Request Flag 
1=Timer A has transition to $00 
0= Software or reset cleared 

TACR6 — Timer A Interrupt Request Mask 
1=Interrupt request inhibited 
0=Interrupt request not inhibited 

TACR5 — External or Internal Bit 
1 =External clock source for prescaler 1 
0=Internal clock source for prescaler 1 

TACR4 — External Enable Bit 

Control bit used to enable the external timer pin 


(PRESCALER1/PCO). 


| 0 | 0 __|Internal Clock | | 
BBs ie ae 


AND of Internal Clock and PRESCALER1/PCO* 
| 
a a 


Inputs Disabled 
PRESCALER1/PCO* Low-to-High Transition 
*The status of PRESCALER1/PCO depends upon the data direc- 
tion status of PRESCALER1/PCO. If PRESCALER1/PCO is an out- 
put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic level of PRESCALER1/PCO. 












TACR3 — Timer A Load Mode Control es 
1=Asynchronous external event loading (INT2 dri- 
ven loading is enabled) 
0=Allows direct loading of timer A 
TACR2, TACR1, TACRO — Prescaler 1 Division Ratio Con- 
trol Bits : 
When set, these bits select one of eight possible out- 
puts on prescaler 1. 
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Figure 11. Timers A, B, and C Block Diagram 
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TIMER B 


This is a 16-bit timer which is accessed via two registers 
($0B for the most-significant byte (MSB) and $0C for the 
least-significant byte (LSB)). The MSB has a “pipeline” 
latch that allows a “‘snap shot” value of the entire 16 bits 
to be read. Read/write operations to the LSB are direct. 
The LSB can be read at anytime without disturbing the 
count. When the LSB is read, the contents of the MSB 
are loaded into the pipeline latch so a read of the MSB 
is actually the contents of the latch.. 

When writing to the LSB, the contents are immediately 
entered into the timer. At the same time the pipeline 
contents are forced into the MSB of the timer. This allows 
a 16-bit word to be placed into the timer data register 
during a LSB write operation. An underflow condition is 
also generated when value $00 is reached. This state can 
be used to toggle bit 0 or bit 1 of port B directly under 
the control of the miscellaneous register (MRO), the SPI 
control register, and the port B data direction register. 
Setting TBCR6 or the | bit in the condition control register 
will prevent timer interrupts from being processed. The 
timer interrupt request bit WUST be cleared by software. 


TIMER B CONTROL AND STATUS REGISTER $0D 


7 6 5 4 3 2 1 0 
RESET: 
0 1 0 0 0 0 0 0 


TBCR7 — Timer B Interrupt Request Flag 
1=Timer B has transition to $00 
0 = Software or reset cleared 
TBCR6 — Timer B Interrupt Request Mask 
= Interrupt request inhibited 
0=Interrupt request not inhibited 
TBCR5 — External or Internal Bit 
1=External clock source for prescaler 2 
0=Internal clock source for prescaler 2 
TBCR4 — External Enable Bit 
Control bit used to enable the external timer pin 
(PRESCALER2/PC1). 


| 0 | 0 [internal Clock 
| 0 | 1 _[AND of Internal Clock and PRESCALER2/PC1* 
| 1 | 0 |InputsDisabled 
*The status of PRESCALER2/PC1 depends upon the data direc- 

tion status of PRESCALER2/PC1. If PRESCALER2/PC1 is an out- 












put, then the clock source is equal to the port data register 
content, independent of the port electrical loading. If an input, 
then the clock source is the logic level of PRESCALER2/PC1. 


TBCR3, TBCR2, TBCR1, TBCRO — Prescaler 2 Division 
Ratio Control Bits | 
When set, these bits select one of eight possible output 


On prescaler 2. 
TBCR1 TBCRO Divide By 


TBCR2 
a oo a 


a ae 
i ae ae 


1 
2 
16 
1 
256 
















6 
; 512 


1 
1 





1 1 


TIMER C 


Timer C is an 8-bit programmable down counter. The 
timer contains a modulus latch which allows the timer to 
be auto reloaded. The timer auto reloads with the con- 
tents of the modulus latch upon every $01 to $00 tran- 
sition. Timer C contains a capture register. This read-only 
register and the contents are refreshed by the contents 
of the data register during the capture instance. The timer 
can be written to at any time, and the contents of both 
the data register and modulus latch are updated imme- 
diately. The timer is set to $FF on reset, but the contents 
of the capture register are not valid until the first capture 
after reset. 


TIMER C CONTROL REGISTER $015 


7 6 5 4 3 2 1 0 
TCOF | TCOM | TCCF | TCCM | TCEG | TCCS | TCCL1 | TCCLO 


RESET: 
0 1 0 0 0 0 0 0 
TCOF — Timer C Overflow Flag 
1=Timer C has transition to $00 
0 = Software or reset cleared 
TCOM — Timer C Interrupt Mask 
1=Interrupt request inhibited 
0=Interrupt request not inhibited 
TCCF — Timer C Capture Flag 
1=Proper capture occurred on PRESCALER1 or 
PRESCALER2. No new capture occurs when set 
0 = Software or reset cleared 
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TCCM — Timer C Capture Interrupt Request Mask 
1=Inhibits interrupt request generated from TCCF 
0= Does not inhibit interrupt request generated from 

TCCF 

TCEG — Timer C Capture Edge Select 

1=Selects rising edge of PCO or PC1 to be capture 
instance 

0 = Selects falling edge of PCO or PC1 to be capture 
instance 

TCCS — Timer C Capture Source Select 
1=Select PRESCALER2/PC1 as capture source 
0 = Select PRESCALER1/PCO as capture source 

TCCL1 and TCCLO — Timer C Clock Source Select 

Clock source selection is defined below. 


0 [internal Clock | | 0_ [internal Clock _| 
| 0 | Internal Clock _| MR1 Status* 
0 Internal Clock 
NOTES: 


1. *Denotes prescaler 1 or 2 clock source depending on mis- 
cellaneous register bit 1 (MR1) status. 
2. MR1 bit cleared (logic zero) at reset: 
Prescaler 1 clock selected to timer A 
Prescaler 2 clock selected to timer B and C 
3. MR1 bit set (logic one): 
Prescaler 1 clock selected to timer B and C 
Prescaler 2 clock selected to timer A 
4. Prescaler 1 output determined by the status of Timer A 
control register bits 2, 1,and 0 (TACR2, TACR1, and TACRO). 
5. Prescaler 2 output determined by the status of Timer B 
control register bits 3, 2, 1, and 0 (TBCR3, TBCR2, TBCR1, 
and TBCRO). 












PRESCALER 1 


Prescaler 1 is a 7-bit binary down counter whose value 
is selected by TACR2, TACR1, and TACRO. The selected 
output is used as the clock input to either timer A or B, 
depending upon the status of the prescaler cross-couple 
bit (MR1). The type of clock source to prescaler 1 may be 
selected by TACR5 and TACR4. Prescaler 1 is set to $7F 
at reset or under program control when a one is written 
to prescaler 1 clear bit (MR3). 


PRESCALER 2 


Prescaler 2 is a 15-bit down counter; its value is se- 
lected by TBCR3, TBCR2, TBCR1, and TBCRO. The se- 
lected output is used as the clock input to either timer A 
or B, depending upon the status of the prescaler cross- 
couple bit (MR1). The type of clock source to prescaler 2 
may be selected by TBCR5 and TBCR4. Prescaler 2 is set 
to $7FFF at reset or under program control when a one 
is written to prescaler 2 clear bit (MR2). 


AUXILIARY COUNTER 


This register is a fixed counter which is clocked by the 
internal clock (fgsc¢ divided by four). Total count period 
is 4095 cycles. The MCU communicates with this counter 
via the miscellaneous register (MR5 and MR4). Count- 
down may be aborted at any time under program control, 


which also resets the counter to 4095 and clears MR85. 
When MR24 is clear and MR5 is set as a result of counter 
time out, the reset pin is internally pulled to ground. If 
the MCU loses control of the program, the “watchdog” 
timer will bring the MCU back to reset. Refer to Figure 
12 for counter operation diagram. 


EPROM PROGRAMMING 


ERASING THE EPROM 


The EPROM can be erased by exposure to high-inten- 
sity ultraviolet (UV) light with a wavelength of 2537A. The 
recommended integrated dose (UV intensity <x exposure 
time) is 25Ws/cm2. The lamps should be used without 
software filters, and the MCU should be positioned about 
one inch from the UV tubes. Ultraviolet erasure clears all 
bits of the EPROM to the “zero” state. Data can then be 
entered by progamming “ones” into the desired bit lo- 
cations. 

CAUTION 


Be sure that the EPROM window is shielded from 
light except when erasing. This protects both the 
EPROM and light-sensitive nodes. 


MASK OPTION REGISTER (MOR) $F1E 


The MOR is implemented in EPROM and contains all 
zeros prior to programming. The MOR bits are described 
in the following paragraphs. This register is not affected 
by reset. 


7 6 5 4 3 2 1 0 
[| cix | ror | pers | um | + | + | + | sec 
CLK — Clock (oscillator type) 
1 = Resistor Capacitor (RC) 
0=Crystal 
TOPT — Timer Option 
1=Enables timer C 
0=Disables timer C 
PBTS — Port B Toggle Source 
This bit is not used on the TJ6 mask set. When cleared 
the operation is the same as the TJ6 mask set opera- 
tion. 
1=Port B toggle source will come from the timer B 
overflow even if a write operation is performed 
on timer C 
0 = After the first write operation to timer C, the tog- 
gle source coming from the timer B overflow is 
replaced by the timer C overflow. If no write op- 
eration is performed on timer C, then timer B is 
the port B toggle source. 
LVI — Low Voltage Inhibit 
1=Enables low-voltage detection circuitry 
0= Disables low-voltage detection circuitry 
Bits 1-3 
User available register bits during normal mode of op- 
eration 
SEC — Security 
For full security, this bit must be set in the MOR and 
mirror MOR ($F 16). 
1=Enables EPROM read protection 
0=Disables EPROM read protection 
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Auxiliary 
Counter 








EXTERNAL RESET | | FORCED RESET. TIME 


™ 


RESET | 


VIRES + | | VIRES VIRES 


| 
| 
| 
| | | 
(MR5] WY : utab | | 
| | | | 
| | 
[MR4] | | | 
| | | 
| | 


MCU WRITE . 0» [MR4] 1 @ [MR5] 19 [MR4] 0» (MR5] 0» {MR4] 


Counter Preset by Writing “1” 


Underflow: MR5 91; No Forced Reset 
Counter Reset by Writing ‘’0” 


Underflow MR5 @ 1 Forced Reset 


QO9O® 


Figure 12. Auxiliary Counter Operation 
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PROGRAMMING CONTROL REGISTER (PCR) $012 


The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming so the 
user need not be concerned with PCR in most applica- 
tions. 


7 6 5 4 3 2 0 
it fo ft ft | veo 
RESET: 
U U U U U 1 


PLE — Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared anytime. 
1=Read EPROM 
____0=Latch address and data on EPROM 
PGE — Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 
1=Inhibit EPROM programming | 
0=Enable EPROM programming (if PLE is low) 
VPON — Vpp On 
A read-only bit that indicates high voltage at the Vpp 
pin. When set to ‘one’, disconnects PGE and PLE from 
the chip. 
1=No high voltage of Vpp pin 
0=High voltage on Vpp pin 


NOTE 


VPON being “zero” does not indicate that the Vpp 
level is correct for programming. It is used as a 
safety interlock for the user in the normal operating 
mode. 


Programming Conditions 


| 0 | PGE and PLE bits disabled 
1 Programming disabled (latch 
address and data in EPROM) 


; 
PGE and PLE disabled 
1 


Programming enabled 
(program EPROM byte) 





Invalid state 


Invalid state 

Voltage applied to RESET/Vpp 
pin 

PGE and PLE disabled 
(operating mode) 














PROGRAMMING 


The MCU bootstrap program can be used to program 
the EPROM. The vectors at address $FF6 and $FF7 are 
used to start the program. This vector is fetched when 
VIHTP is applied to the PRESCALER/PCO pin and the RE- 
SET pin is allowed to rise above Vines +. The level on 
the PRESCALER/PC1 pin, when the RESET/Vpp pin rises 
above ViRES+, determines which programming mode 
is selected. A high level on PRESCALER/PC1 selects the 
auto-programming operation. 
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A M2532/2732 UV EPROM must first be programmed 
with the same information that is to be transferred to the 
MCU EPROM. Unprogrammed EPROM address locations 
should contain $00 to speed up the programming oper- 
ation. Figure 13 is a schematic diagram for a board and 
circuitry that can be used to program the MCU EPROM. 

Perform the following steps to program the MCU 
EPROM: 

1. Insert the programmed EPROM and erased MCU 

EPROM into U2 and U3. 

2. Programming operation starts when $1 is placed 
to the ON position. 

a) DS1 and DS2 illuminate. 

b) MCU control is transferred to the bootstrap 
ROM, and the programming routine executed 
by the bootstrap loader program. 

c) DS3 blinks during programming. When pro- 
gramming is complete, DS3 remains illumi- 
nated. 

d) After two seconds DS4 will illuminate indicat- 
ing the MCU has been programmed and ver- 
ified. 

3. Remove power by placing $1 to the OFF position 
and remove programmed MCU. 


NOTE 


No programming can be done once the MOR and 
mirror MOR security bit has been programmed to 
logic one. The only way to proceed from the secure 
mode to the non-secure mode is by erasing the 
MCU. The MCU must be reset following program- 
ming of the SEC bits to enable the security feature. 


EMULATION 


The MCU is designed to emulate the functions of either 
the MC6805S2 or MC6805S3. However, due to pin as- 
signments, processing, and mask options, the MCU has 
some differences. The differences are listed as follows: 

1. Port A output on the MC6805S2/S3 is a mask option. 
The CMOS pullup option on port A is not imple- 
mented on MC68705S3. If this option is required, 
pullup resistors must be installed. 

2. The RC clock on the MC6805S2/S3 is a mask option. 
To enable the MC68705S3 RC clock, MOR bit 7 must 
be programmed to a logical one. 

3. The LVI on the MC6805S2/S3 is a mask option. To 
enable the LVI on MC68705S3, MOR bit 4 must be 
programmed to a logical one. _ 

4. The MC68705S3 RESET/Vpp and VsTBY/AN4/INT2/ 
PD6 electrical characteristics are different for the 
MC6805S2/S3. 

5. Pin 4 (AN4 and VsTByY) on MC6805S2/S3 is a mask 
option. On the MC68705S3, pin 4 is enabled for 
VsTBY/AN4/INT2/PD6. 

6. On MC6805S2/S3 pin 4, standby RAM contents will 
be lost if the voltage drops below 3.0 V. Standby 
RAM on the MC68705S3 will not be lost unless volt- 
age drops below 4.0 V. 

7. Above certain voltages (3.7 V typical), pin 4 will ex- 
hibit lower input impedance than the MC6805S2/S3. 
This may cause A/D conversion inaccuracies if the 
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pin is used as fifth A/D input channel. Pin 4 is always 
a high impedance input on the MC6805S2/S3. 

8. Reset and Vpp functions share a common pin (23) 
on the MC68705S3. Therefore, electrical character- 
istics on this pin may vary from the same pin on 
MC6805S2/S3. The input impedance on the 
MC68705S3 pin is approximately equivalent to the 
1.0 ohm pulldown resistor; whereas, on the 
MC6805S2/S3, this pin is a high impedance (220K 
ohms) input. Therefore, the MC68705S3 requires a 
pullup resistor on the RESET pin to recover from a 
reset condition. 





SERIAL PERIPHERAL INTERFACE 


The serial peripheral interface (SPI) has arbitration on 
the data and clock lines. The SPI communicates with the 
MCU via data and control registers. The SPI data and 
clock inputs are always taken from their respective !/O 
ports, regardless of the status of the data direction reg- 
isters relative to that port. The SPI can operate in modes 
from auto clocked (NRZ), half duplex, and full duplex with 
from a one to a four wire combination. Refer to Figure 
14 for the SPI block diagram. 


SPI CONTROL AND STATUS REGISTER 


This 8-bit register contains the status and control bits 
relative to SPI operations. The SPI control register op- 
eration is shown in Figure 15. The SPI control and status 
register bits can be set or cleared under program control. 


7 6 5 4 3 2 1 0 
SPICR7 | SPICR6 | SPICRS | SPICR4 | SPICR3 | SPICR2 | SPICR1 | SPICRO 


RESET: 
0 1 0 0 0 0 0 0 


SPICR7 — SPI Interrupt Request Bit 
Set on eighth data input strobe. MCU services this in- 
terrupt if | bit is clear in CCR. 
1 =Interrupt request (if SPICR6 not masked) 
0=No interrupt pending 
SPICR6 — SPI Interrupt Request Mask Bit 
1=Disables interrupt request from SPICR7 
0=Enables interrupt request from SPICR7 
SPICR5 — SPI Clock Sense Bit/Bus-Busy Flag 
Dual-function bit controlled by the status of SPICR4. 
1=Start SPI operation when SPICR4=1. Input data 
latched on positive edge and output data changed 
on negative edge of SPI clock when SPICR4=0. 
O=Stop SPi operation when SPICR4=1. Input data 
latched on negative edge and output data changed 
on positive edge of SPI clock when SPICR4=0. 
SPICR4 — SPI Operation Enable Bit 
This bit determines the functions of SPICR5 and SPICR2. 
1=Enables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 
0 = Disables SPI data register shifting, data and clock 
arbitration logic, and slave select input logic 
SPICR3 — SPI Data Output Select Bit 
1= Output of the SPI data register is loaded to port 
B3 data register at the appropriate SPI clock edge 


selected by SPICR5, during the active transaction 
mode 
0=Output of the SPI data register is loaded to port 
B2 data register at the appropriate SPI clock edge 
selected by SPICR5, during the active transaction 
mode 
SPICR2 — Port B1 Toggle Enable/Start Bit 
Dual-function bit controlled by the status of SPICR4. 
1= Start bit is set by negative transition of the data 
input of the SPI data shift register while the clock 
is at the idle level when SPICR4=1. Start bit set 
under program controi to enabie port Bi data reg- 
ister toggle facility when SPICR4=0. 
0=Stop SPI operation when SPICR4 = 1. Cleared un- 
der program control when SPICR4=0. 
SPICR1 — Mode Fault Flag 
1=(a) Mode flag is set when SPI data output arbi- 
tration occurs on the SPI data output port (PB3 
or PB2) selected by SPICR3. The MCU loses 
data mastership, and the SPI data output port 
DDR is cleared. 

(b) Mode flag is set if a low level is detected on 
slave input PBO. Then, the MCU loses clock 
mastership switching to the clock slave mode, 
and port B1 DDR is cleared. 

(c) Mode flag is set during the idle mode when a 
negative clock edge Is detected on the SPI clock 
input, and the port B1 data register is cleared. 

0=Cleared under program control 
SPICRO — SPI Input Data Select Bit 
1=SPI data from port B3 is latched into the SPI data 
register 
0=SPI data from port B2 is routed to the input of the 
SPI data register 


SPI DATA REGISTER 


This register can be written to any time and can also 
be read, regardless of serial operations, without disturb- 
ing the data. A one bit shift to the left occurs each time 
there is a data input strobe while the LSB is loaded with 
data from port B2 or B3. The MSB is loaded every time 
there is data output strobe. Data input and output strobes 
are generated internally only during the active transac- 
tion time. 


SPI DIVIDE-BY-EIGHT COUNTER 


The counter is cleared during SPI deselect or idle modes. 
A count occurs at every data input strobe during the ac- 
tive transaction mode. At overflow, SPICR7 is set which 
puts the SPI in idle mode and blocks all data input and 
output strobes. The counter is cleared when PBO is high 
if the SPI is in the slave mode or when a “’start’’ condition 
is detected. 


SPI OPERATION 


The SPI can operate in a variety of modes. Software 
assisted protocols may be defined to upgrade the hard- 
ware versatility and/or system performance of the MCU. 
Some features common to all operating modes are sum- 
marized in Table 1 and in the following paragraphs. 
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Figure 14. Serial Peripheral Interface Block Diagram 
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Figure 15. SPI Control Register Operation 


1) SPI data input and output may be individually routed 


to or from PB2 or PB3 (Table 2). These four routings 
provide half and full duplex operations, as well as 
allowing bidirectional information to flow in daisy- 
chained systems. 

When data input and output is done on PB2, PB3 
is available for any other use and vice versa. 
Data input is always relative to the port pin logic 
level regardless of the data direction register status 
on that pin. 

In full duplex operation, 16 bits of information may 
be transferred with eight clock pulses between at 
least two devices with transmit capability. Both PB2 
and PB3 are used for data transfer. The same shift 
register is used for data in and data out. The byte 
transmitted replaces the byte received. SPICR7 is 
used to signify that the I/O operation is complete. 
SPI clock is always provided on port B1. In the clock 
slave mode, port B1 DDR is in the input mode 
(cleared). In the clock master mode, port B1 DDR 
is set; therefore, the MCU imposes the clock level 
on PB1 until there is clock arbitration on the clock 
line or until the MCU loses clock mastership when 
PBO goes low. 

No fixed baud rate generation exists. The clock 
frequency is dependent on the prescaleer clock 
source option, prescaler divide ratio, and timer di- 
vide ratio as well as the port C status in case of 
external clocking for the timer. Toggling of the port 
B1 data register is automatically allowed during 
the active transmission mode. 


7) All devices connected to the SPI must have their 
output and input data strobe on the same clock 
edge for correct transfer of data. 
During the active transmission mode, the first clock 
edge must be the output data strobe. When this 
occurs, the MSBs of the data registers of all trans- 
mitters are copied onto the data output pins, and 
the MCU copies the MSB of its SPI onto the port 
B2 or B3 data register. 
Port B data direction registers and port B data con- 
trol registers are accessible during SPI operation. 
During active transaction mode, the PB1 data reg- 
ister, PB2 data register (if SPICR3=0), and PB3 (if 
SPICR3 = 1) are not write accessible under program 
control. 
10) Port B lines not used for SPI can be used for other 
digital functions. 


8 


— 


9 


— 


SELECT INPUT OPERATION 


An external device supplies slave select information 
via port BO. If slave select is not used, set port BO to output 
mode to inhibit slave select function. 

The following paragraphs describe clock master and 
clock slave operating modes of the SPI. 


Master Mode Slave Select Actions 


The MCU monitors slave select input in master mode 
to assure that it stays false. If slave select goes true, the 
MCU exits master mode and becomes a slave. This tm- 
plies that a write collision has occurred which means two 
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Table 1. Summary of SP! Operations | 





DEFINITIONS 
Transmitter — Data Master: DDRB2 or 3=1 
Receiver — Data Slave: DDRB2 or 3= OF 
Clock Master: DDRB1 a 
Clock Slave: DDRB1=0 
Transaction Mode: SPICR4=1 
1) Active: SPICR7e(DDRBOePBO + DDRBO) if DDRB1 =0 (clock slave mcde) or 
SPICR7e(DDRBOePBO + DDRBO) if DDRB1=1 (clock master mode) 
Clock Pulses allowed, data shifted 
2) ‘Idle: SPICR7 + DDRBOePBO if DDRB1=0 (clock slave mode) 
Clock pulses blocked, data output line in high-impedance state 
Deselect Mode: SPICR4=0 — No SPI Operations 


SLAVE SELECT INPUT. 
Slave Select Input: SPISS —- PBO 
lf DDRBO=0 then so SPISS action on MCU 
1) Master Mode: SPISS=1 DDRB1=1 
SPISS 1 — 0: Switch to Slave Mode (DDRB1 1 — 0) 
Set SPICR1 (Mode Fault Flag) 
2) Slave Mode: SPISS=0 DDRB1=0 
External clock is allowed to shift data in/out. If SPISS is pulled high, the external clock input pulses 
are inhibited; no data shift; divide-by-eight counter cleared; SPID (PB2 or PB3) switched to high- 
impedance state. 
Used as Chip-Select Input 


DATA ARBITRATION 
Data master loses data mastership when data collision occurs during internal data strobe time. 































If SPID output port (PB2 or PB3) = 1 while actual pin level is pulled low externally — conflict detected at internal 
data strobe time. 


Then SPICR1 (mode fault flag) is set; SPID output port DDR (B2 or B3) 1 0 (high- due state). 


CLOCK ARBITRATION 
MCU has clock mastership (DDRB1=1) - | 
1) Via SPISS tine (DDRBO=0). If SPISS is pulled low, then clock mastership lost; DDRB1 1 » 0 (high-imped- 
ance state); SPICR1 is set (mode fault flag). 
2) Via clock line SPICL (DDRB1=1 and DCRB5=0) 
Condition: SPICL must have open-drain output (DCRB5 = 0) 


If clock line is held low externally then clock mastership is not lost; minimum tcLy and 
tCLK times are guaranteed. 


lf SPICL goes low during idle mode then SPICR1=1 and clock line is switched low to 
inhibit the system clock. 


MODE FAULT FLAGE OPERATION (SPICR1) 
Flag set when any of the following conditions occur: 
Data arbitration occurs on SPID output. 
Clock arbitration with SPISS during master to slave switching. 
Clock arbitration via clock line if SPICL 10 during idle. 


START, STOP, AND CLOCK IDLE CONDITIONS 
Clock Idle: The clock level just prior to the transition that causes data on the serial output data line to be 
changed is defined as the SPI clock idle state. 
SPICR5=0: SPICL Idle =Low State 
SPICR5=1: SPICL Idle =High State 


These definitions are necessary for determining start and stop conditions. 


NOTE 
Clock idle state can only be defined if SPICR4=0 Deselect Mode) 


Start Condition: Any negative transition of the data input line (PB2 or PB3) during an SPICL idle State. 
Stop Condition: Any positive transition of the data input line during an SPICL idle state. 
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Table 2. Port B Status During SPI Operation 






PB2 


devices attempted to become masters. Write collisions 
normally result from a software error, and the default 
master must clean up the system. The mode fault flag is 
set to signal that clock mastership is lost. Slave select 
actions can take place during either active or idle trans- 
action modes. 


Slave Select Input Actions During Slave Mode 


The current clock master generates slave select to en- 
able one of several slaves to accept or return data. The 
SS signal must go low before serial clock pulses occur 
and must remain low until after the eighth serial clock 
cycle. Individual lines or a daisy chain can be used for 
multiple slaves. When SS is high, the following occur: 

@ Serial data output is forced to a high-impedance state 

without affecting the DDR status. 

@ Serial clock input pulses are inhibited from gener- 

ating internal data output and input strobe pulses. 

@ The eight-bit counter is cleared. 


SPI OPERATING MODES 


Six methods of operating the SPI are discussed in the 
following paragraphs. 


One-Wire Autoclocked Mode 


Various SPI devices can be connected on a single wire, 
with data transmission using an implicit clock, and each 
device being its own clock master. 


Two-Wire Half-Duplex Mode 


In this mode, separate data and clock lines connect the 
elements in the system. Data and clock mastership should 
be monitored via protocol included in the data patterns. 
A transmitter can send all zeros to take all other trans- 
mitters off the bus. 


Three-Wire Half-Duplex Mode with Slave Select Input 


This mode is the same as the half-duplex mode except 
that the slave select input allows using the MCU as a 
peripheral in a system where clock mastership is passed 
through the slave select line. Typically, the slave select 
lines can be wired together. The current master sets its 
slave select line in the output mode prior to a serial trans- 


Rot | Use | input | output | Comments | 
Name 
PBO SPISS Yes No 
PBO Data No Yes 
PB1 SPICL Yes No Clock slave 
PB1 No Yes Clock master 





Used as slave select input 
Used as “busy” signal or any digital 
output 











SPI data input SPICRO=0 
SPI data output SPICR3=0 
Any digitai signal SPICR3=1 
SPI data input SPICRO= 1 
SPI data output SPICR3 = 1 
Any digital signal SPICR3=0 










mission and pulls it low to indicate that the system is 
busy. This allows the clock master to retain mastership 
until the end of transmission. Software protocol can be 
arranged so that slaves do not request mastership until 
their slave select lines go high. At the end of a transmis- 
sion, the current master pulls SPISS high and puts the 
SPISS port (PBO) in the input mode. A slave requesting 
clock mastership pulls the SPISS line low, removing the 
current master from the line. Time multiplexed protocols 
may be required to avoid simultaneous mastership re- 
quests. 











Three-Wire Full-Duplex Mode 


This mode allows the MCU to operate simultaneously 
as transmitter and receiver. Bus or daisy-chain networks 
are feasible. Protocols in the data stream are required to 
change: 

@ Clock masters 

@ The number of transmitters in the system 

@ The direction of data flow in daisy-chained systems 

with collision 

It is possible for the MCU to shift out one byte of data 
while receiving another, as illustrated in Figure 16. This 
eliminates the need for XMIT EMPTY or REC FULL status 
bits. 


Three-Wire Full-Duplex Mode with Clock Arbitration 


This mode is a mix of the three-wire full-duplex mode 
and two-wire half-duplex mode with clock arbitration, 
where the SPI clock line operates as a wire-or. Simulta- 
neous masters are allowed, and clock arbitration is via 
the clock line. 


Four-Wire Full-Duplex Mode with Slave-Select Input 


This mode is similar to the three-wire full-duplex mode 
in network construction and to the three-wire half-duplex 
mode with slave-select input in clock arbitration and slave 
selection. Refer to Figure 17. 


-~ANALOG-TO-DIGITAL CONVERTER 


The chip resident 8-bit analog-to-digital (A/D) converter 
uses a Successive approximation technique as show in 
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SLAVE SELECT 
CLOCK 
DATA 


EXAMPLE: 


INFORMATION FLOW 





B2=SPID IN 
_—_> B3=SPIC OUT 


B2=SPID OUT 
B3=SPID IN 


Figure 16. Daisy Chain/Cascade Organization 


Figure 18. Four external analog inputs can be connected 
to the A/D through a multiplexer via port D. Four internal 
analog channels (VRH—VRL, VRH—-VRL/2, VRH —VRL/4, 
~ and VRr_) may be selected for calibration. The accuracy 
of these internal channels may not meet the accuracy 
specifications of the external channels. 

A fifth external analog input (AN4) is available via the 
mask option. When selected, it replaces the VRy internal 
channel. Due to signal routing, the accuracy of this fifth 
channel may be slightly less than ANO-AN3. 

Multiplexer selection is controlled by the A/D control 
register (ACR) bits 0, 1, and 2. Refer to Table 3 for mul- 
tiplexer selection. The ACR is shown in Figure 18. The 
converter uses 30 machine cycles to complete a conver- 
sion of a sampled analog input. When the conversion is 


*HALF DUPLEX 


complete, the digital value is placed in the A/D result 
register (ARR); the conversion flag is set; selected input 
is sampled again; and a new conversion begins. When 
ACR7 is cleared, the conversion in progress is aborted 
and the selected input, which is held internally, is sam- 
pled for five machine cycles. 

The converter uses VRH and VR, as reference voltages. 
An input voltage equal to or greater than Vay converts 
to $FF. An input voltage equal to or less than Vpri, but 
greater than Vss, converts to $00. Maximum and mini- 
mum ratings must not be exceeded. Each analog input 
source should use VRH as the supply voltage and be 
referenced to Vp, for the ratiometric conversion. To 
maintain full ;accuracy of the A/D, three requirements 
should be followed: (1) VRH should be equal to or less 


SPID:PB2/3 
SPICL:PB1 


SPID:PD2/3 
SPICL:PB1 


*HALF DUPLEX 
WITH CLOCK ARBITRATION 


SPID:PB2/3_ 
SPICL:PB1 
SPISS:PBO 






*HALF DUPLEX 


WITH SLAVE SELECT 
Vcc 


SPID OUT:PB3/2 
SPICL:PB1 

SPID IN:PB2/3 
SPID OUT:PB3/2 
SPICL:PB1 
SPISS:PBO 


*FULL DUPLEX 


*FULL DUPLEX 
WITH SLAVE SELECT 


al 
Eon 
| 


au. aN 
a®fla¥v 

a Zh a. 
2 oa ” 


Figure 17. SP! Operation Bus Organization 





_ MOTOROLA MICROPROCESSOR DATA 
3-664 


MC68705S3 


Table 3. A/D Input MUX Selection 


A/D Control Register Input A/D Output (Hex) 






























ANO 

0 0 1 

0 1 0 

0 1 1 

1 0 0 PE REO Eee 
1 0 1 00 00 

1 1 0 3F 40 

1 Te oe 1 7F 80 











“internal (calibration) ieveis 
**AN4 may replace the Vry calibration channel if selected via 
mask option. 


than Vcc, (2) VR should be equal to or greater than VSS 
but less than maximum specifications, and (3) VRH — VAL 
should be equal to or greater than 4 volts. 

The A/D has a built-in 1/2 LSB offset intended to reduce 
the magnitude of the quantizing error to + 1/2 LSB, rather 
than +0, -1 LSB with no offset. This implies that, ig- 
noring errors, the transition point from $00 to $01 occurs 
at 1:2 LSB above VR_. Similarly, the transition from $FE 
to $FF occurs 1-1/2 LSB below VRu, ideally. 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 










D/A 
15 k (TYP.) 


PD5/VRH 
PD4/Vpy 


PDO/ANO 
PDI/AN1 
PD2/AN2 
PD3/AN3 
INT2/PD6/AN4 






SELECT 
MULTIPLEXER 


A/D 
CONTROL 
REGISTER 


other operand is obtained:from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 





Function 
Load A from Memory LDA 
Load X from Memory LDX _| 
Store A in Memory STA 
Store X in Memory STX 
Add Memory to A ADD 





Add Memory and Carry to A 


Subtract Memory 


Subtract Memory from A with Borrow 








ADC 
SUB 
SBC 
AND Memory to A 
Exclusive OR Memory with A 
Arithmetic Compare A with Memory 
Arithmetic Compare X with Memory 
Bit Test Memory with A (Logical Compare) BIT 
Jump Unconditional JMP 
Jump to Subroutine JSR 





BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 


8 


RESULT 
REGISTER 


Figure 18. A/D Block Diagram 
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branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 
lation instructions. 














Mnemonic 
Branch if Bit n is Clear | 


CONTROL INSTRUCTIONS 


Branch if Bit n is Set 





These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 







Function 








Transfer A to X 


Set Carry Bit 
Clear Carry Bit 


No-Operation 





READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 






Increment 


Decrement DEC 










INC 
DEC 
[Rota fight Thru Cary SSSR 






Arithmetic Shift Right 
Test for Negative or Zero 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two byte instructions. Refer to the fol- 
lowing list for branch instructions. 


















































Branch Always BRA 
Branch Never ' BRN 
Branch IFF Higher BHI 
Branch IFF Lower or Same | BLS 
= 

Branch IFF Carry Clear . BCC 
(Branch IFF Higher or Same) (BHS) | 
Branch IFF Carry Set BCS 

i me | 
(Branch IFF Lower) (BLO) 
Branch IFF Not Equal | BNE 
Branch IFF Equal BEO | 
Branch IFF Half Carry Clear BHCC 

Y — 

Branch IFF Half Carry Set =) BHCS | 
Branch IFF Plus ee: BPL 
Branch IFF Minus ail BMI | 
Branch IFF Interrupt Mask Bit is Clear ee BMC 
Branch IFF Interrupt Mask Bit is Set BMS 
Branch IFF Interrupt Line is Low BIL 
Branch IFF Interrupt Line is High BIH 
Branch to Subroutine BSR 








OPCODE MAP SUMMARY 


Table 4 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two-byte direct 
addressing instructions access all data bytes in most ap- 
plications. Extefided addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
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Bit Manipulation 
) 


-Write 


Table 4. Opcode Map 


Control 


Register /Memo 


\ 


DIR INH [INH | ix? =X [| INH =o] INH OT IMM OT —COOIRs | EXT OT IX Xt TK 
0 1000 1001 1010 
4 14 7 6 9 


~ £ 


3 


4 


10 7 4 
7 BRCLR3 BCLR3 
BTB B REL DIR | 1 
10 7 6 4 
BRSET4 BSET4 BHCC LSL 
O00 BTB B R OR | 1 
10 7 
9 BRCLR4 BCLR4 
1001 3 BT8 
Lg) 7 
A BRSETS5 BSET5 
1010 BTB 
7 


B 
1011 
C 
D 
E 


F 
1111 


FL 


S b= ts 8 
eRe Be Be : 


_ —_ — 
— —_ —t 
—_ Oo =. 
O — | 


DIR {1 








ate, rake 
QO 4 
BASETO BSETO BR 
| ean Ge) ; 4 
BRCLRO BCLRO BR 
3 BTB } 2 B 2 
10 7 4 
BRSET1 BSET1 BH 
35 BIB 3 
1 
BRCLR1 BCLR1 
3 BTB B 
10 7 
BRSET2 BSET2 
3 BTB B 


A 
R 

N 
| 
R 











P] 
Im 
i 











a 


7 
10 5 
adie gr BCLR2 
0.0 a 
pase e BSET3 


L 
N 





2 


6 ; 4 
DIR | 3 


4 
BLS 
R 
4 
BCC 
R 
4 
BCS 
R 
4 
BNE 
4 6 
BEQ 


ASR 


4 
1 4 
4 6 4 4 
BHCS ROL 
° R DIR | 1 INH; 1 INH } 2 
4 6 4 4 7 6 
5 B Z R OR |} INH | 1 INH | 2 IX1 [1 1x 
3 B18 | 2 BSC } 2 REL 
10 4 6 4 4 7 6 
BRSET6 BSET6 BMC INCA INCX INC INC ae 
BTB BSC 2 DIR | 1 INH | 1 INH | 2 IXt | 7 ix 
10 7 4 6 4 4 7 6 2 8 
BTB B R DIR | 1 INH [1 INH | 2 1x1 1 Ix 1 _ INH {2 REL 
x oad 


m 
i 
a_i 
n 
=—{ 
> 


10 7 4 
BRSET7 BSET7 BIL 

BTB 2 REL 
10 7 4 6 4 4 7: 6 
BRCLR7 BCLR7 BIH CLR CLRA CLRX CLR CLR 
3 BTB | 2 BSC | 2 REL | 2 DIR | 1 INH | 1 INH | 2 IxXt}q (x 


Abbreviations for Address Modes 


INH Inherent 

IMM Immediate 

DIR Direct 

EXT Extended # of Cycles 
REL Relative Mnemonic 
BSC Bit Set/Clear Bytes 
BTB Bit Test and Branch 

\X Indexed (No Offset) 

1X1 Indexed, 1 Byte (8-Bit) Offset 

IX2 Indexed, 2 Byte (16-Bit) Offset 


|, 88, |, 586, | 
Mi 2 DIR | 3 EXT | 3 1X2 


DIR 
2 4 
1 INH j 2 IMM | 2 
2 2 4 
1 INH | 2 IMM | 2 DIR | 3 EXT 





: 
M DIR XT IX x § 0000 


4 5 6 5 4 
2 DIR | 3 EXT | 3 1X2 | 2 IX1] 1 Ix 
4 3 d 
2 IxXi} 4 Ix 


cex | cpx 





2 DIR | 3 EXT IX1 jd IX 00 
4 4 
AND AND AND AND 
2 DIK | 3 EXT IX 1 Ix 0100 
4 4 
DIR XT K x 010 
5 4 
3 EXT Xi] 4 ix 0110 
STA STA STA 
3 EXT IX1} 1 Ix O111 
5 
3 EXT IX1 000 
4 
3 EXT 2 IXt] 1 ix 
2 1x1 1010 
1 INH | 2 IMM 4 DIR 3 EXT 
2 
1 INH 2 DIR | 3 EXT 2 Xt] 1 Ix 1100 


2 0 e 
TXA STX STX 
1 INH 2 DIR | 3 EXT] 3 Ix2 } 2 a IX 


Opcode in Hexadecimal 


Opcode in Binary 


Address Mode 
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immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. | 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 
through a table or to hold the address of a frequently 
referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the tndexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 


opcode. The addressing mode is useful for selecting the 


Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 


tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
|O, can be selectively set or cleared with a single two- 
byte instruction. . 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 
MAXIMUM RATINGS 


Rating Symbol 
Supply Voltage ~0.3 to +7.0 


Input Voltage PCO in 
Self-Check Mode 
All Other 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 


that normal precautions be taken to avoid 
mA 

















-0.3 to + 15.0 
-0.3 to + 7.0 


application of any voltage higher than max- 
imum-rated voltages to this high-impedance 


circuit. For proper operation, it is recom- 
Port A andC Source Current perPin| lout Bee P 














; mended the Vin and Voyt be constrained to 
pears Te) ——. a the range VSS = (Vin Of Vout) = Vcc. Reil- 
Operating Temperature Range TA "G ability of operation is enhanced if unused in- 
MC68705S3S 0 to 70 puts except EXTAL are tied to an appropriate 
| MC68705S3CS ~40 to +85 logic voltage level (e.g., either Vss or Vcc). 
[ Storage Temperature Range Tstq -~55 to +150 
Junction Temperature Ty 
Cerdip 175 








THERMAL CHARACTERISTICS 
| 











Characteristic 





Thermal Resistance 





Cerdip 
POWER CONSIDERATIONS For most applications, PeortT<Pin7 and can be ne- 
glected. PPoRT may become significant if the device is 
The average chip-junction temperature, Ty, in °C can configured to drive Darlington bases or sink LED loads. 
be obtained from: An approximate relationship between Pp and Ty (if 
Ty=Tat(Pp ° yn) (1) PpOoRT is neglected) is: 
where: Pp =K=(Ty + 273°C) (2) 
Ta = Ambient Temperature, °C Solving equations (1) and (2) for K gives: 

OA = Package Thermal Resistance, K=Pp * (Ta + 273°C) +05 AePD2 (3) 
Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. K 
Pp = Pint+Pport can be determined from equation (3) by measuring Pp 
PINT = Icc x Vec, Watts — Chip Internal Power (at equilibrium) for a known Ta. Using this value of K, 
PportT = Port Power Dissipation, the values of Pp and T, can be obtained by solving equa- 

Watts — User Determined tions (1) and (2) iteratively for any value of Ty. 











Vec=4.75 V 
TEST MMD6150 TEST POINT 
POINT OR EQUIV. aye) 
30 pF (TOTAL) 
40 pF MMD7000 | 
(TOTAL) OR EQUIV, a 
Figure 19. TTL Equivalent Figure 20. CMOS Equivalent 
Test Load (Port B) Test Low (Port A) 
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ELECTRICAL CHARACTERISTICS i. 
(Vcc = + 5.25 Vde +0.5 Vdc, Vgs=0 Vdc, Ta=T| to Ty, unless otherwise noted) 
Characteristic 


RESET Hysteresis Voltages 
“Out of Reset” 
“Into Reset” 


Standby Supply Voltage @ Vcc =0V 
Standby Current (VsTpy = 4.0 V) 


Power Dissipation — No Port Loading 
(Vcc =5.75.V, Ta =0°C) 
(Vcc =5.75 V, Ta= — 40°C) 


Low Voltage Recover 
Low Voltage Inhibit 


Input Current 

INT 
(Vin =2.4 V to Vcc) 

EXTAL 
(Vin=2.4 V to Vcc Crystal Option) 
(Vin =0.4 V Crystal Option) 

RESET 
(Vin =5.75 V) 





PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vcc = + 5.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta = 20° to 30°C, unless otherwise noted) 


Vpp Supply Current 
Vpp=21.0 V 4 


‘Programming Oscillator Frequency 





Bootstrap Programming Mode Voltage 
(PCO Pin) = ((@ij4yTp=100 pA Max) 













Vec = 4.75 V 
TEST MMD6150 Veco =4.75 V 
POINT OR EQUIV. ee : 136 KO 
TEST 
MMD7000 POINT 
OR EQUIV. Ain 30 pF (TOTAL) 
Figure 21. TTL Equivalent Figure 22. Open-Drain Equivalent 
Test Load (Ports A and C) Test Load (PB1, PB2, and PB3) 
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SWITCHING CHARACTERISTICS 
(Vcc = +5.25 Vde +0.5 Vdc, Vgg =0 Vde, TA=T_ to Ty), unless otherwise noted) 


Characteristic Symbol 























———_———_+ 








Oscillator Frequency 
Cycle time (4/fgsc) 


INT, INT2, and TIMER Pulse Width tWe, tWH 
ESET Pulse Width t 
| RES ulse Wi RWL 


| RESET Delay Time (External Capacitance = 1 .F) | tRHL 


INT Zero-Crossing Detection Input Frequency fINT 
(far + 5° Accuracy) 























_| 























| External Clock Input Duty Cycle (EXTAL) | = 

















































| Oscillator Startup Time Crystal | tsy 

| SPICL High Time | __'SPICLH 

L. SPICL Low Time tSPICHL 
SPICL Rise and Fall Time tSy, tSf 

i SPID Input Data Setup Time | tsps 

SPID Input Data Hold Time si tSDH 
SPICL to SPISS Lag Time tSstG 

| SPISS to SPICL Lead Time tSSLD 

















-— 


Start Bit to First Clock Lead Time 








L External Timer Input to Timer Change Time 








Timer Change to Port B Toggle Time 
poe 
INT2 to Timer A Load Time 








A/D CONVERTER CHARACTERISTICS 


(VcC= +5.25 Vde +0.5 Vde, Vgg =0 Vde, TA=T, to Ty, unless otherwise noted) 


| Resolution ee 
Non-Linearity* — 44S After removing zero-offset and full-scale errors 


Quantizing Error —_ — at | 12 
VRH-VRL is reduced below 4.0 V. The sum of 


Conversion Range Vcc 
VRH — — 0.2 
VRL Vss — VRH and VR; must not exceed Vcc 


L Conversion Time _ | 30 30 = eee Includes sampling time 











ae accuracy may decrease proportionately as 






























Monotonicity (Inherent within total error) 
Poul Time 5 5 5 teyc 
L Sample/Hold Capacitance, Input — — 
Analog Input Voltage VRL — VRH V Transients on any analog lines are not allowed 
at any time during sampling or accuracy may 
be degraded 


*For VRH=4.0 V to 5.0 V and Vp} =0 V. 
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PORT ELECTRICAL CHARACTERISTICS 
(Vcc= +5.25 Vde +0.5 Vdc, Vgs =0 Vde, TaA=T| to Ty, unless otherwise noted) 


__ Characteristic Symbol | Min | Typ | Max | Unit 

























































































Port B 
Output Low Voltage, ILgaq=3.2 mA = aah | oof | ve. 
= 
24 : 
vi | vss 08 | 
ns | - | | |» 
Port C and Port A 
[ouiput ow Voge toaa=t6mA || | | ef 
Co AY a SS 
| vss | — | os |v 
m= | _- | |» |» 
Port D (Digital Inputs Only) 
Input Low Voltage Vss _ 0.8 V 
in 1_- | =a | |» _| 














*Not applicable if programmed to open-drain state. 
**PD4/VR_ — PD5/VR_y. 


The A/D conversion resistor (15 kQ typical) is connected internally between these two lines, impacting their use as digital inputs 
in some applications. 


ORDERING INFORMATION 


The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705S3. 


Table 5. Generic Information 
Package Type Order Number 


Cerdip O°C to 70°C MC68705S3S 
(S Suffix) — 40°C to + 85°C MC68705S3CS 
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PIN ASSIGNMENTS 


MC68705S3 


MECHANICAL DATA 















Vssf1 @ 28 I} NUM 
PRESCALER1/PCO[ 2 27 HW EXTAL 
PRESCALER2/PC1U 3 26 UY XTAL 


VsTBY/AN4/INT2/PD6JJ 4 25 JINTI 
VaH/PD5{} 5 241)}Vpp 
Ve_/PD4] 6 23 1] RESET/Vpp 
AN3/PD3Q] 7 22 I] PA7 


AN2/PD2U 8 21 [J PA6 
AN1/PD1 9 20 {J PADS 
ANO/PDO[ 10 19 I} PA4 
SPISS/PBOL 11 18 Y PA3 
SPICL/PB1 12 17 Yj PA2 
SPID/PB2{J 13 16 tj PAI 
SPID/PB3[] 14 15 [] PAO 
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Technical Summary 


8-Bit EPROM Microcontroller Unit 


The MC68705U3 (HMOS) Microcontroller Unit (MCU) is an EPROM member of the MC6805 Family 
of microcontrollers. The user programmable EPROM allows program changes and lower volume 
applications. This low cost MCU has parallel 1/O capability with pins programmable as input or out- 
put. This publication contains condensed information on the MCU; for detailed information, refer to 
M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact your local Moto- 
rola sales office. 

Refer to the block diagram for the hardware features and to the list below for additional features 
available on the MCU. | 

@ Internal 8-Bit Timer with 7-Bit 
Programmable Prescaler 
On-chip Oscillator 
Memory Mapped 1|/O 
Versatile Interrupt Handling 
Bit Manipulation 


Bit Test and Branch Instruction 
Vectored Interrupts 

Bootstrap Program in ROM 
112 Bytes of RAM 

3776 Bytes of EPROM 

24 I/O Pins 





BLOCK DIAGRAM 


XTAL EXTAL RESET V INT 
p le Timer/ Ag 
ieee! 8 Counter 





TIMER 
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PAO PDO 
PAI Accumulator op; 
PD2 
eee PAS Port | Data CPU PD3 eH 
: PA4 A Dir Index Control ; , 
ue Reg Reg Register PD4 nput 
me PAB PDS Lines 
PA7 Condition PD6 (INT2) 
Code PD7 
Register 
PBO a 
a Stack nS 
oe pa3 oo aa Data Port a Port 
0 PB4 B Program Die C Sc c 
we R R 1/0 
Lines PBS Counter eg eg PCs : 
PB6 4 High PCH PCE ines 
PB? Program PC7 
3776 x8 Counter 
EPROM 8 Low PCL 


191 x 8 
Bootstrap 
ROM 





This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vcc is + 5.25 volts (+0.5A) power, and Vs¢ is 
ground. 


VPP 


This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vcc. 


INT 


This pin provides the capability for asynchronously ap- 
plying on external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending on mask option 
register setting) is connected to these pins to provide a 
system clock. 


Cy 


R 
sea ? XTAL 


AT — Cut Parallel Resonance Crystal 
Co =7 pF Max 

Freq.=4.0 MHz @ C; = 24 pF 

Rs =50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Co, Cy, and Rs values. 















RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Voc 
specifications. 


External Clock 

An external clock should be applied to the EXTAL input 
with the XTAL input connected to Vss, as shown in Fig- 
ure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 


TIMER 


This pin is used as an external input to control the 
internal timer/counter circuitry. This pin also detects a 








MCU 
SJ EXTAL (Crystal Option, 
See Note 1) 


(See Note2) C3 









Crystal 











3 








MCU 
S}EXTAL (RC Option, 
No See Note 1) 
MCU Connection 
= eu S}EXTAL (RC Option, 
External 51 EXTAL (Crystal Option, See Note 1) 
onl See Note 1) 
Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
Approximately 25% to 50% Accuracy External Resistor 
Typical tcyc= 1.25 ps 
External Clock External Jumper 
NOTES: 


1. For the MC68705U3 MOR b7=0 for the crystal option and MOR b7=1 for the RC option. When the TIMER input pin is in the 
VIHTP range (in the bootstrap EPROM programming mode), the crystal option is forced. When the TIMER input is at or below 
Vcc, the clock generator option is determined by bit 7 of the mask option register (CLK). 

2. The recommended C; value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on 
EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


Figure 1. Oscillator Connections 
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Oscillator Frequency (M Hz) 


0 10 20 30 40 50 60 70 80 


Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


higher voltage level used to initiate the bootstrap pro- 
gram. 


RESET 


This.pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 





INPUT/OUTPUT LINES (PAO-PA7, PBO-PB7, PC0-PC7, PDO- 
PD7) 


These 32 lines are arranged into four 8-bit ports (A, B, 
_ C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di- 
rection registers. Port D is a fixed input port. Port D bit 6 
may be used for a second interrupt (INT2). Refer to PRO- 
GRAMMING for additional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Port A, B, and C pins are programmable as either input 
Or Output under software control of the corresponding 

















Data 
Direction Register 
Bit* 


Latched 
Output 
Data 


Internal 
Connections 


*DOR is a write-only register and reads as ail ‘'1s" 





data direction register (DDR). Port D is input only. The 
port I/O programming is accomplished by writing the 
corresponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 
When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, corresponds to the latched 
output when the DDR is an output (one). Refer to Table 
1 for I/O functions and to Figure 3 for typical port circuitry. 


NOTE 
Read-modify-write instructions should not be used 
when writing to the DDRs, because DDRs always 
read as ‘one’. 


Table 1. /O Pin Functions 


Data Latched 
Direction Output 


Register Data 


Output 
Bit Bit State 





**Ports B and C are three-state ports. Port A has an internal 
pullup devices to provide CMOS data drive capability. 


Figure 3. Typical Port I/O Circuitry and 
” Register Configuration 
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MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of user EPROM, bootstrap ROM, 
user RAM, a mask option register (MOR), a program con- 
trol register, and I/O. The interrupt vectors are located 
from $FF8 to $FFF. The bootstrap is a mask-programmed 
ROM that allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 
decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or temporary work 
locations requires care to prevent it from being over- 
written due to stacking from an interrupt or subroutine 
call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 


7 0 


000 
1/O Ports Timer 
Page Zero and 
Access With RAM 
Short 127 (128 Bytes) 
Instructions 128 Page Zero 
User EPROM 
255 (128 Bytes) 


256 


Main 
EPROM 
(3640 Bytes) 


3896 Mask Option Register 


3897 
= 
3968 Bootstrap 
ROM 
4087 (120 Bytes) 
4088 Timer Interrupt 
409 | ll 
4090 
Interrupt § 4091 
Vectors }.4092 [ ~ ~~ 7 ™ 






INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16- bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 

7 0 


ae ae 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 
11 8 7 0 


PCH PCL 





STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


11 a4 0 
pofofofofojrfif] se 


7 65 43 2 1 «0 


soc 
s0 
0 
a 
00 
sr 
sn 
0 
ot 
on 
son 
08 
soc sn 


$010 


oO ON DD TO BP W NY 


RAM 
(112 Bytes) 


Stack 
(31 Bytes Maximum) 


$O7F 


* Caution: Data direction registers (DDRs) are write-only; they read as SFF. 


Figure 4. Memory Map 
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CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 


graphs. 
4 0 
atid iz] | 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic 1). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the line 
logic level. 








6 5 


n-4 
n-3 


: 








Push 


4 3 2 1 0 
Condition Code Register 
Accumulator 
Index Register 


ie: a 


PCL* 


POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on voltatge. A delay 
of tRHL milliseconds is required before allowing RESET 
input to go high. Connecting a capacitor to the RESET 
input (Figure 5) typically provides sufficient delay. 





10 pF 





Figure 5. Power-Up RESET Delay Circuit 


EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES — to provide an internal reset voltage. 





INTERRUPTS 


The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external Port D (INT2) 
input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


Pull 


n+1 






n+2 






n+3 


n+4 


n+5 


*For subroutine calls, only PCH and PCL are stacked. 


Figure 6. Interrupt Stacking Order 
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NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardward interrupts and, if unmasked 
(| bit clear), proceeds with interrupt processing; other- 
wise, the next instruction if fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

lf both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


If the time mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 











191 (in CC) 
07F » SP 
0» ODRs 

CLR INT Logic 

FF » Timer 

TCRE ¢1 

TCR7 ¢0 


Put FFE on 
Address Bus 
In 







(INT2) 


Reset 
? 


i 


Load Options From 
MOR ($F38) Into 


RESET 
Pin= Low 






RESET 


Pin= High on SWI? 


Control! Logic 





Load PC 
From 
FFE/FFF 





(TIMER INT) 
(TCR7 @ TCR6) 
MR7 @ MR6 


Fetch 
Instruction 


Is Fetched 
instruction 


Execute 
Instruction 


condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 
masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. The timer 
interrupt status bit can only be cleared by software. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge of INT and INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit is set. The INT2 is always 
read as a digital input on port D. The INT2 and timer 
interrupt request bits, if set, cause the MCU to process 
an interrupt when the condition code | bit is clear. The 

















Load PC From: 
SWI. FFC/FFD 
INT: FFA/FFB 
Timer or 
INT2: FF8/FF9 





PC—-PC+1 


Figure 7. Reset and Interrupt Processing Flowchart 
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following paragraphs describe two typical external in- 
terrupt circuits. . 


Zero-Crossing Interrupt 


A sinusoidal input signal (fj N77 maximum) can be used 
to generate an external interrupt (see Figure 8a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 


Digital-Signal Interrupt 


With this type of circuit (Figure 8b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw L, tWH.- 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. The SWI 
execution is similar to the hardware interrupts. 


MODES OF OPERATION 


The MCU has two modes of operations: normal and 
bootstrap. The following paragraphs describe these 
modes. 


NORMAL MODE 


This mode is a single-chip mode and is entered if the 
following conditions are met: (1) the RESET line is low, 
(2) the PCO pin is within its normal operational range, 
and (3) the Vpp pin is connected to Vss. The next rising 
edge of the RESET pin then causes the part to enter the 
normal mode. 


BOOTSTRAP 


The bootstrap mode is entered if the TIMER pin is equal 
to +12 V. For more information refer to application note, 


(a) Zero-Crossing Interrupt 


ac 


input (Current 
a ) 
(fy Max.) Limiting 
Rs1 MQ 
ac Inputs : 0.1-1.0 





MC68705P3/R3/U3 8-Bit EPROM Microcomputer Pro- 
gramming Module (AN-857/D Rev. 2). ; 


TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR) and/or the mask option register 
(MOR). The 8-bit counter may be loaded under program 
control and is decremented toward zero. When the timer 
reaches zero, the timer interrupt request bit (bit 7) in the 
timer control register (TCR) is set. Refer to Figure 9 for 
timer block diagram. 

' The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared and the TCR 
bit 6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by (1) saving the present 
CPU state on the stack, (2) fetching the timer interrupt 
vector, and (3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refer 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operation with read-modify- 
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. The TDR is unaffected by 
reset. 


SOFTWARE CONTROLLED MODE 


This mode is selected when TOPT (bit 6) in the MOR 
is programmed to zero. The timer prescaler input can be 
configured for three different operating modes plus a 
disable mode, depending on the value written to TCR 
control bits 4 and 5 (TIE and TIN). The following para- 
graphs describe the different modes. 


(b) Digital-Signal Interrupt 


Vcc 





TTL 
Level 
Digital 
Input 


Figure 8. Typical Interrupt Circuits — 


MOTOROLA MICROPROCESSOR DATA 


3-680 





L89-€ 
VLVG HOSSI9OYNdOHDIN VIOHOLOW 
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EPROM Byte 
Mask Option Register (MOR) 







FCIN Timer Data Register (TDR) 


8-Bit Counter 





Select 
5-of-12 





Internal 
a Timer 
(fose +4) . Interrupt 
fpyn — Prescaler Input Frequency Timer Control Register Bits: Mask Option Register Bits: 
fciN — Counter Input Frequency TIR= Timer Interrupt Request Status CLK — Clock Oscillator Type 
TIM -- Timer Interrupt Mask TOPT — Timer Mask/ Programmable Option 
TIN — Timer Input Select CLS — Timer Clock Source 
TIE — Timer External Input Enable (TIE) —(Timer External Input Enable) 
PSC — Prescaler Clear SNM — Secure/Non-Secure Mode Option 
PS2, PS1, PSO— Prescaler Select P2, P1, PO—Prescaler Option 


Figure 9. Timer Block Diagram 
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Timer Input Mode 1 


When TIE and TIN are both programmed to zero, the 
timer input is from the internal clock (phase two) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 


Timer Input Mode 2 


When TIE=1 and TIN=0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is +1. 


Timer Input Mode 3 


When TIE =0.and TIN =1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. 


Timer Input Mode 4 


When TIE and TIN are both one, the timer input is from 
the external clock. The external clock can be used to count 
external events as well as to provide an external fre- 


quency for generating periodic interrupts. Frequency of. 


external input must be < fgg¢/8. 


MOR CONTROLLED MODE 


This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic one. The timer circuits are the 
same as described in SOFTWARE CONTROLLED MODE. 
The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore, bits 0, 1, 2, and 5 in the MOR control the pres- 
caler division and the timer clock selection. TIE (bit 4) and 
PSC (bit 3) in the TCR are set to a logic one when in the 
MOR controlled mode. TIM (bit 6) and TIR (bit 7) are 
controlled by the counter and software. 


TIMER CONTROL REGISTER (TCR) $009 


This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. The configuration of 
the TCR is determined by the TOPT (bit 6) in the MOR. 
When TOPT = 1, the TCR emulates the MC6805U2; when 
TOPT=0, the TCR is controlled by software. 


TCR with MOR TOPT = 1 
7 


6 5 4 3 2 1 0. 
jm | mf + | + esc] + | + | | 


TCR with MOR TOPT =0 


7 6 5 4 3 2 1 0 
ptm | rm | tw | re | esc | pse | pst} so | 
er 1 U U U U Uo U 


*The value of corresponding bits in MOR is written during RESET rising 
edge. These bits always read ‘one’. 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 
1 = Set when the timer data register changes to all 
zeros 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt 
1=Interrupt inhibited 
0=Interrupt enabled 


TIN — External or Internal 


Selects input clock source 
1=External clock selected 
0=Internal clock selected (fos¢/4) 
TIE — TIMER External Enable 
Used to enable external TIMER pin. When TOPT=1, 
TIE is always a logical “one”. 
1=Enables external timer pin 
0=Disables external timer pin 
PSC — Prescaler Clear 
Write only bit. Writing a one to this bit resets the 
prescaler to zero. A read of this location always in- 
dicates a zero when TOPT=0. When TOPT=1, this 
bit will read a logical ‘“one” and has no effect on the 
prescaler. 
PS2, PS1, PSO — Prescaler Clear 
Decoded to select one of eight outputs of the pres- 
caler 


Prescaler 





NOTES 


When changing the PS bits in software, the PSC 
bit should be written to a “one” in the same write 
cycle to clear the prescaler. Changing the PS bits 
without clearing the prescaler may cause prescaler 
truncation. 


MASK OPTION REGISTER (MOR) $F38 


The MOR is implemented in EPROM. This register con- 
tains all zeros prior to programming and is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 


7 6 5 | 3 2 1 0 
fcuk | roprj cs | | | ez | pt | po | 
CLK — Clock (oscillator type) 


1 =Resistor Capacitor (RC) 
0=Crystal 
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TOPT — Timer Option 
1 = MC6805U2 type timer/prescaler. All bits except 
6 and 7, of the TCR are invisible to the user. 
Bits 5, 2, 1, and 0 of the MOR determine the 
equivalent MC6805U2 mask options. 
0=All TCR bits are implemented as a software pro- 
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re- 
spective TCR bits. 
CLS — Timer/Prescaler Clock Source 
1=External TIMER pin 
0 = Internal clock 
Bit 4 
Not used if TOPT=1. Sets the initial value of TIE in 
the TCR if TOPT =0. 
1=Not used 
0= Sets initial value of TIE in the TCR 
Bit 3 
Not used 
P2, P1, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 
Prescaler 


Divide By 
1 








PROGRAMMING CONTROL REGISTER (PCR) $00B 


The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming so the 
user need not be concerned with PCR in most applica- 
tions. 


7 6 5 4 3 2 1 0 
eee 
RESET: 

U U U U U U 1 1 


PLE — Programming Latch Enable 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any- 
time. 
1=Read EPROM 
___._  Q=Latch address and data on EPROM 
PGE — Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 
1=Inhibit EPROM programming ___ 
0=Enable EPROM programming (if PLE is low) 
VPON — Vpp On 
A read-only bit that indicates high voltage at the Vpp 
pin. When set to “one”, disconnects PGE and PLE 
from the chip. 


1=No high voltage on Vpp pin 
0=High voltage on Vpp pin 


NOTE 


VPON being “zero” does not indicate that the Vpp 
level is correct for programming. It is used as a 
safety interlock for the user in the normal operating 
mode. 


0 









| PGE | PLE | Programming Conditions 


Programming mode (program 
EPROM byte) 


1 PGE and PLE disabled from 
system 
1 Programming disabled (latch 
address and data in EPROM) 
1 1 PGE and PLE disabled from 
system 
| o | 0 | 1 [Invalid state; PGE =0 if PLE=0 
fete eh se ol Aas =0 if PLE = 
a ee ie ee ee 








Invalid state; PGE =0 if PLE=0 
“High voltage” on Vpp 

PGE and PLE disabled from 
system (operating mode) 





EPROM PROGRAMMING 


ERASING THE EPROM 


The EPROM can be erased by exposure to high-inten- 
sity ultraviolet (UV) light with a wavelength of 2537 angs- 
troms. The recommended integrated dose (UV intensity 
X exposure time) is 25Ws/cm?. The lamps should be 
used without software filters, and the MCU should be 
positioned about one inch from the UV tubes. Ultraviolet 
erasure Clears all bits of the MCU EPROM to the “zero” 
state. Data then can be entered by programming ‘‘ones” 
into the desired bit locations. 


PROGRAMMING 


The MCU bootstrap program can be used to program 
the MCU EPROM. The alternate vectoring used to imple- 
ment the self check is used to start execution of the boot- 
strap program. 

A MCM2532 UV EPROM (other industry standard 
EPROMs may be used) must first be programmed with 
the same information that is to be transferred to the MCU 
EPROM. Refer to application note, WC68705P3/R3/U3 8- 
bit EPROM Microcomputer Programming Module (AN- 
857/D Rev.2) for schematic diagrams and instructions on 
programming the MCU EPROM. 


EMULATION 


The MC68705U3 emulates the MC6805U2 and 
MC6805U3 “exactly”. The MC6805U2 and MC6805U3 
mask features are implemented in the mask option reg- 
ister EPROM byte. The following identify the few minor 
exceptions to the exactness of the emulation. 

1. The MC6805U2 “future ROM” areas are imple- 

mented in the MC68705U3 and these 1728 bytes 
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must be left unprogrammed to accurately simulate 
the MC6805U2. 

2. The reserved ROM areas have different data stored 
in them. In the MC6805U2 this area is used for self 
check, and in the MC68705U3 this area is used for 
the bootstrap program. 

3. The MC6805U2 reads all ones in the 48 byte ‘future 

~ RAM” area. This area is not implemented on the 
MC6805U2/U3 mask ROM version but is imple- 
mented on the MC68705U3. 

4, The MC68705U3 Vpp (pin 7) line is tied to Vcc dur- 
ing normal operations. On MC6805U2, this pin is 
grounded during normal operations, and on the 
MC6805U3, this pin is not connected. 


INSTRUCTION SET 


The MCU has a set of 59 basic instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions. have no register 
operand. Refer to the following instruction listing. 


Pp Funetion | Mnemonic 
















Add Memory to A 


Add Memory and Carry to A 
Subtract Memory | 


| Subtract Memory from A with Borrow | SBC 







Jump Unconditional 
Jump to Subroutine 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its-contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 


Logical Shift Left 


| cmp | 


read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


| Function | Mneronie | 
| ROR 
















Rotate Left Thru Carry : 
Rotate Right Thru Carry 


Logical Shift Right 
Arithmetic Shift Right 
Test for Negative or Zero 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 


| Function | Mnemonic | 
[Branch Aways | BRA 
[Branch Never | RN 
[Branch ifHigher |B 
[Branch if Lower orSame |B 
| Bcc 
| (BHS) 
| BCS 
















BRA 
BHI 
BLS 
BCC 
BCS 
[Branch ifNotEqual | BNE 
[Branchifequal | BE. 
[Branch ifMinus | 
| BIH 








Branch if Interrupt Line is Low 
Branch if Interrupt Line is High 
Branch to Subroutine Los 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
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these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 
lation instructions. 


Branch if Bit n is Set BRSET n (n=0... 7) 
Branch if Bit n is Clear BRCLR n (n=0... 7) 
7) 


Set Bit n RSET n (n=0_._. 7) 


BCLR n (n=0. 7) 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


[Funeton ——_—(Mnemonie | 

























OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 
long absolute addressing is also included. Two-byte direct- 
addressing instructions access all data bytes in most ap- 
plications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from 
the opcode address. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 
through a table or to hold the address of a frequently 
referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 
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Table 3. Opcode Map 











Read-Modify-Write Control Register /Memc 
t O . 
| om | ato | | oro | oi | ot | ott | ttn a 
0 4 6 4 4 7 6 
BRSETO BSETO NEG NEG NEG SUB SUB SUB SUB SUB 
BTB B R DIR | 1 INH | 4 INH 1X1 DIR XT xX IX x o008 


10 7 4 
BRCLRO BCLRO BRN 
3 BTB B REL 





10 
BACLRZ BCLR2 
BRSET3 | BSET3 
(eRe He 4 
BRCLR3 BCLR3 BEQ ASR ASRA 
BTB B R DIR INH 
10 7 6 4 
BRSET4 BSET4 BHCC LSL LSLA 
BTR 2 R DIR INH 
10 7 4 6 4 
BRCLR4 BCLR4 BHCS ROL ROLA 
3 BTB B 2 R $ DIR INH 
A BSE]? BSET5 Bre DEC 
BTB R D 
10 7 4 
BRCLR5S BCLR5 BMI 
BT8 BSC 2 REL 
) 
BRSET6 BSET6 BMC 
BTE 8 REL 
10 7 4 
ene BCLR6 oe 
| eS A Ree 
BRSET7 | BSET7 BIL. 
= : 4 


10 
BRCLR7 
3 8T8 


6 4 4 
ROR RORA RORX 
INH 


ROR 


10 7 4 
3 BTR : 2 DIR | 3 EXT} 3 IX2 | 2 IX1] 1 IX 
10 7 4 4 4 7 5 6 
BRCLR1 BCLRi COMA COMX COM CPX CPX CPX CPX CPX 
BTB 7 1 INH |} INH 1X4 2 DIR | 3 EXT | 3 IX; X11 IX 
10 7 4 6 4 4 
4 BRSET2 BSET2 LSRA LSRX LSR 
0 BTR B } INH | 1 INH | 2 1X1 00 
7 4 
7 4 


CJ 
= = ba 
be D 


™~ ~I 


—+ 


INH 


if 





6 
7 
Qin 


ASRX 
1 INH 


LSLX 
INH 


BHI 
R 
BLS 
R 
BCC 
R 
BCS 
R 
BNE 
R 
4 
4 QI 


4 
C ADC 
1 INH | 2. IMM | 2 DIR | 3 EXT 


1 IX 
3 A 3 : 
1 INH | 2 IMM | 2 DIR | 3 EXT | 3 1X2 


ROLX 
1 INH 
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DIR | 4 1 
6 4 4 
TST TSTA TSTX 
DIR | 1 INH | 1 INH 


7 6 4 4 a, 
BCLR7 BIH CLR CLRA CLRX CLR CLR 
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Abbreviations for Address Modes LEGEND 

INH Inherent Opcode in Hexadecimal 
IMM Immediate 

DIR Direct ited 

EXT Extended aciaaiii Opcode in Binary 

REL Relative Mnemonic 

BSC Bit Set/Ciear Bytes 

BTB Bit Test and Branch 

ix indexed (No Offset) Address Mode 

x1 indexed, 1 Byte (8-Bit) Offset 


IX2 Indexed, 2 Byte (16-Bit) Offset 
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BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 


The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS 


Supply Voltage 


Input Voltage 

EPROM Programming Voltage 
(Vpp Pin) 

TIMER Pin — Normal Mode 
TIMER Pin — Bootstrap 
Programming Mode 

All Others 


Operating Temperature Range 
MC68705U3 
MC68705U3C 









[Symbol 



















VPP 
Vin 














Vin 
Vin 













THERMAL CHARACTERISTICS 






POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat (Pp 8ya) (1) 
where: 
TA = Ambient Temperature, °C 
BJA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pintt Peport . 
PINT =!cec<Vecc, Watts — Chip Internal Power 


Pport = Port Power Dissipation, 
Watts — User Determined 











—0.3 to + 22.0 
—0.3 to +7.0 


—0.3 to + 15.0 
—0.3 to +7.0 


0to +70 
—40 to +85 


Storage Temperature Range —55 to +150 ae 4 


°C 
Junction Temperature TJ °C/W 
Cerdip 175 


| __—Characteristic | Symbol] Value | Unit 


Thermal Resistance 
Cerdip BJA °C/W 


These devices contain circuity to protect 
the inputs against damage due to high static 
voltages or electrical fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high-imped- 
ance circuit. For proper operation, it is rec- 
ommended that Vin and Voyt be constrained 
to the range Vgss(Vjn and Vout)<Vcc. Re- 
liability of operation is enhanced if unused 
inputs except EXTAL are tied to an appro- 
priate logic voltage level (e.g., either Vss or 


Vcc). 





For most applications PeorT<Pint and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 


Pp=K+(Tj+273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp°(Tat 273°C) + Oy AePp2 (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known T,. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ta 
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vpp =5.25 Vdc +0.5%, Vsgg =0 Vdc, TA=20 to 30°C, unless otherwise noted) 


Characteristic 


Programming Voltage Vpp 


Vpp Supply Current 
Vpp=5.25 V 


Vpp=21.0 V 


Programming Oscillator Frequency 


Bootstrap Programming Mode Voltage 
(TIMER Pin) @ ljHTp=100 pA Maximum 


ELECTRICAL CHARACTERISTICS 
(Vcc= + 5.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta =0°C to 70°C, unless otherwise noted) 





Characteristic 


Input High Voltage 
RESET (4.99 < Vcc < 5.51) 
__ (Vcc < 4.75) 
INT 4.99 < Vcc = 5.51) 
(Vcc < 4.75) 
All Other 


Input High Voltage (TIMER Pin) 
Timer Mode 
Bootstrap Programming Mode 


Input Low Voltage 
RESET 
INT 
All Other 


Internal Power Dissipation (No Port Loading, Vcc =5.25 V Ta =0°C 
for Steady-State Operation) ~ Ta=—40°C 


Input Capacitance 
EXTAL 
All Other 


INT Zero-Crossing Input Voltage — Through a Capacitor 


RESET Hysteresis Voltage 
Out of Reset Voltage 
Into Reset Voltage 


Programming Voltage (Vpp Pin) 
Programming EPROM 
Operating Mode 


Input Current 
TIMER (Vin =0.4 V) 
INT (Vi, =0.4 V) 
EXTAL (Vin =2.4 V to Vcc Crystal Option) 
(Vin =0.4 V Crystal Option) 
RESET (Vj, =0.8 V) 
(External Capacitor Changing Current) 





*Vpp (pin 7) is connected to Vcc in the normal operating mode. 
**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 
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SWITCHING CHARACTERISTICS 
(Vcc= + 5.25 Vde +0.5 V, Vgg=0 Vdc, Ta=0°C to 70°C, unless otherwise noted) 


Oscillator Frequency 


fosc 
Normal 







Characteristic 













teye +250 

RESET Delay Time (External Cap = 1.0 wF) 
[INT Zero Crossing Detection Input Frequency —s——s| Sint | S08 | CT 
| External Clock Duty Cycle (EXTAL) =| C8 
[ Crystal Oscillator Star-UpTime | CC | COC dC CY 


PORT ELECTRICAL CHARACTERISTICS 
(Vcc = +5.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta =0° to 70°C, unless otherwise noted) 


Characteristic | symbor | min | tye | Max | Unit 


Output Low Voltage, ILoaq= 1.6 MA VOL 





















Output High Voltage, IL oaq= — 100 pA VOH 
Output High Voltage, tl ggq= — 10 pA VOH Vcc ~— 1.0. 


Input High Voltage, ILoaq= —300 A (Max) ViH 


< 
OQ 
2) 





= ~_ 
= 


Input Low Voltage, ILoad= — 500 »A (Max) 
Hi-Z State Input Current (Vin =2.0 V to Vcc) 
Hi-Z State Input Current (Vin =0.4 V) 


< 
op) 


nN |O |x 
nH |°O f 


—300 | 


| 


= 
; 


L 
Port B 





Output Low Voltage, I_gaq=3.2 mA 


oe) 


Output Low Voltage, IL 9aq= 10 mA (Sink) 


So 


OL 
O 


Output High Voltage, || pag= — 200 pA 


I = 
= : 
oO 





Darlington Current Drive (Source), Vo=1.5 V m 


< <i<ci< 
<= om 
NO 
iS 





Input High Voltage 


H VCC 


Input Low Voltage VIL 






N 


<inp 
nH |O : 


Hi-Z State Input Current ITSI 


Port C 
O 


RO 
i 





Output Low Voltage, IL oaq=1.6 mA 


~ 


Output High Voltage, || p9ag= — 100 pA 
Input High Voltage H 


VIL 


<i< 
=x 


Input Low Voltage 


< 
1S) 
/\ 
o 


AIN IN 
ep) o;|f 
OQ 
oO 


Hi-Z State Input Current ITSI 
Port D (Input Only) 


Input High Voltage VIH 








< 
” 


Input Low Voltage VIL 


> 


Input Current 


\ 


ns 
on QO 
O 


vy 
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Test MMD6150 
Point or Equiv: 1.45 kQ 
his e MMD7000 
otal) or Equiv. 


Figure 10. TTL Equivalent Test Load 














(Port B) 
Vcc =5.75 V 
Test MMD6150 
Point iv. 
or Equiv 291 kQ 
30 pF MMD7000 
or Equiv. 


(Total) 


—_— = 


Figure 12. TTL Equivalent Test Load 
(Ports A and C) 


VDD 
Port C Open-Drain 


Port A CMOS 
Option \ VoD e 


fe Pullup Option 











ilf- 





Port DDR 
Port Data 





IP = input Protection 


To 1/0 Logic 





Figure 16. Typical Input Protection 


Vcc =5.75 V 


Test Point <_<) 
7 30 pF (Total) 


Figure 11. CMOS Equivalent Test Load 
(Port A) 


Vcc =5.75 V 
3.34 kO 


Test 
Point 


30 pF (Total) 


pee 


Figure 13. Open-Drain Equivalent Test Load 
(Port C) 





1-10k Typ. 


PB DDR 
PB Data 


IP = Input Protection 


Figure 15. Port B Logic Diagram 


Test Point a 


Vary V, 


Measure | 
@ 


Figure 17. I/O Characteristic 
Measurement Circuit 


MOTOROLA MICROPROCESSOR DATA 


MC68705U3 


ORDERING INFORMATION 


The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705U3. 


Table 3. Generic Information 


Package Type Order Number 


Cerdip 0° to 70°C MC68705U3S 
S Suffix —40° to +85°C MC68705U3CS 






MECHANICAL DATA 


PIN ASSIGNMENTS 
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Technical Summary 


8-Bit EPROM Microcontroller Unit 


The MC68705U5 (HMOS) Microcontroller Unit (MCU) is an EPROM member of the MC6805 Family 
of microcontrollers. The user programmable EPROM allows program changes and lower volume 
applications. This low cost MCU has parallel 1/O capability with pins programmable as input or out- 
put. This publication contains condensed information on the MCU; for detailed information, refer to 
M6805 HMOS, M146805 CMOS Family User’s Manual (M6805UM(AD2)) or contact your local Moto- 


rola sales office. 


MC68705U5 


Refer to the block diagram for the hardware features and to the list below for additional features 


available on the MCU. 


@ Internal 8-Bit Timer with 7-Bit 
Programmable Prescaler 


On-chip Oscillator 

Memory Mapped 1/O 

Versatile Interrupt Handling 
Bit Manipulation 

Bit Test and Branch Instruction 











XTAL EXTAL RESET Vv INT 
Timer/ PP 
Prescaler 
—-e Counter 


Vectored Interrupts 


3776 Bytes of EPROM 
112 Bytes of RAM 
24 I/O Pins 


BLOCK DIAGRAM 













TIMER = 
tamer Cont ae ey ee 
PAO 
PAI Accumulator 
p 
Port ihe es Data 
A PAA Dir index gonna 
no is PAS Reg Register 
PA6 
PA7 Condition 
Code 
se Register 
PB1 Stack 
Port oe Port Pointer 
B 
1/0 PB4 ai Program 
Lines PBS Counter 
PB6 4 High PCH 
PB7 Program 
3776 x8 Counter 
EPROM 8 pow PCL 


191 x& 
Bootstrap 
ROM 


EPROM Security Feature 








Bootstrap Program in ROM 


INT2 
PDO 
ed PD1 
Pa 
er PD2 Port 
va | PD4 Input 
ba PD5 Lines 
<< PD6 (INT2) 
PD7 
PCO 
PCl 
Data Port fe Port 
C 
= Es PCA ie 
ie PCS Lines 
PC6 
PC7 


112 x8 
RAM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


Vcc AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vcc is + 5.25 volts (+0.5A) power, and Vss¢ is 
ground. 


VpP 
This pin is used when programming the EPROM. In 
normal operation, this pin is connected to Vcc. 


INT 


This pin provides the capability for asynchronously ap- 
plying on external interrupt to the MCU. Refer to INTER- 
RUPTS for more detailed information. 


EXTAL, XTAL 


These pins provide control input for the on-chip clock 
oscillator circuit. A crystal, a resistor/capacitor combi- 
nation, or an external signal (depending on mask option 
register setting) is connected to these pins to provide a 
system clock. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1. The relationship between R 
and fosc is shown in Figure 2. 


Cj 


L 
EXTAL ! Rs XTAL 


> Co 6 


AT — Cut Parallel Resonance Crystal 
Co=7 pF Max 

Freq. =4.0 MHz @ C, = 24 pF 

Rs =50 ohms Max. 


Piezoelectric ceramic resonators which 
have the equivalent specifications may be 
used instead of crystal oscillators. Follow 
ceramic resonator manufacturer's sug- 
gestions for Co, C1, and Rs values. 






EXTAL 





MCU 
5} EXTAL (Crystal Option, 
See Note 1) 


External 
Clock 
Input 


External Clock 


NOTES: 


(See Note2) CO 








MCU 
(RC Option, 
See Note 1) 


Approximately 25% to 50% Accuracy 
External Jumper 


Crystal 


The circuit shown in Figure 1 is recommended when 
using a crystal. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and startup stabilization time. Refer 
to ELECTRICAL SPECIFICATIONS for Vcc specifications. 


External Clock 


An external clock should be applied to the EXTAL input 
with the XTAL input connected te Vss, as shown in Fig- 
ure 1. This option may only be used with the crystal 
oscillator option selected in the mask option register. 


TIMER 


This pin is used as an external input to control .the 
internal timer/counter circuitry. This pin also detects a 
higher voltage level used to initiate the bootstrap pro- 
gram. 


RESET 


This pin has a Schmitt trigger input and an on-chip 
pullup. The MCU can be reset by pulling RESET low. 















MCU 
EXTAL (Crystal Option, 
See Note 1) 


Crystal 





MCU 
STEXTAL (RC Option, 
See Note 1) 





Connection 


Approximately 10% to 25% Accuracy 
(Excludes Resistor Tolerance) 
External Resistor 


1. For the MC68705U5 MOR b7=0 for the crystal option and MOR b7=1 for the RC option. When the TIMER input pin is in the 
VIHTP range (in the bootstrap EPROM programming mode), the crystal option is forced. When the TIMER input is at or below 
Vcc, the clock generator option is determined by bit 7 of the Mask Option Register (CLK). 

2. The recommended C, value with a 4.0 MHz crystal is 27 pF maximum, including system distributed capacitance. There is an 
internal capacitance of approximately 25 pF on the XTAL pin. For crystal frequencies other than 4 MHz, the total capacitance on 
each pin should be scaled as the inverse of the frequency ratio. For example, with a 2 MHz crystal, use approximately 50 pF on 
EXTAL and approximately 25 pF on XTAL. The exact value depends on the motional-arm parameters of the crystal used. 


Figure 1. Oscillator Connections 
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8.0 
7.0 
6.0 
5.0 
40 
3.0 


2.0 


Oscillator Frequency (MHz) 


Resistance (kf) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


INPUT/OUTPUT LINES (PA0-PA7, PBO-PB7, PCO-PC7, PDO- 
PD7) 


These 32 lines are arranged into four 8-bit ports (A, B, 
C, and D). Ports A, B, and C are programmable as either 
inputs or outputs under software control of the data di- 
rection registers. Port D is a fixed input port and is not 
controlled by any data register. Port D bit 6 may be used 
for a second interrupt (INT2). Refer to PROGRAMMING 
for additional information. 


PROGRAMMING 


INPUT/OUTPUT PROGRAMMING 


Ports A, B, and C are programmable as either input or 
output under software control of the corresponding data 
direction register (DDR). Port D is input only. The port 1/ 
O programming is accomplished by writing the corre- 
sponding bit in the port DDR to a logic one for output 
and a logic zero for input. On reset, all the DDRs are 
initialized to a logic zero state to put the ports in the input 
mode. The port output registers are not initialized on 
reset and should be written to before setting the DDR 
bits. 
















Data 
Direction Register 
Bit* 


Latched 
Output 
Data 
Bit 


Internal 
Connections 


0 10 20 30 40 50 60 70 80 


When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Care must 
be exercised when using read-modify-write instructions 
since the data read corresponds to the pin level if the 
DDR is an input (zero) and, also, to the latched output 
when the DDR is an output (1). Refer to Table 1 for I/O 
functions and to Figure 3 for typical port circuitry. 


NOTE 


Read-modify-write instructions should not be used 
when writing to the DDR since DDRs always read 
as ‘one’. 


Table 1. I/O Pin Functions 


Data Latched 
Direction Output 


Register Data 
Bit Bit 





**Ports B and C are three-state ports. Port A has an internal 
pullup devices to provide CMOS data drive capability. 


MEMORY 


The MCU is capable of addressing 4096 bytes of mem- 
ory and I/O registers. The memory map is shown in Figure 
4. The locations consist of user EPROM, bootstrap ROM, 
user RAM, a mask option register (MOR), a program con- 
trol register, and 1/O. The interrupt vectors are located 
from $FF8 to $FFF. The bootstrap is a mask-programmed 
ROM that allows the MCU to program its own EPROM. 

The stack area is used during processing of an interrupt 
or subroutine call to save the CPU state. The stack pointer 


*DDR is a write-only register and reads as all ‘1s 


Figure 3. Typical Port I/O Circuitry and 
Register Configuration 
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Page Zero 
Access With 
Short 
Instructions 


User EPROM 
(128 Bytes) 


Main 
EPROM 
(3640 Bytes) 


Sootstrap 
ROM 
(120 Bytes) 


Interrupt 
Vectors 






$000 
$001 
$002 
$003 
$004 
$005 
$006 
$007 
$008 


oy 
S008 
$008 
$00C-$00F 


$010 


ono nr DOO & WB PH wo 


RAM 
(112 Bytes) 


Stack 
(31 Bytes Maximum) 


$07F 


* Caution: Data direction registers (DDRs) are write-only; they read as $FF. 


Figure 4. Memory Map 


decrements during pushes and increments during pulls. 
Refer to INTERRUPTS for additional information. 


NOTE 


Using the stack area for data storage or tempo- 
rary work locations requires care to prevent it from 
being overwritten due to stacking from an interrupt 
or subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general purpose 8-bit register 
used to hold operands and results of arithmetic calcu- 
lations or data manipulations. 

7 0 


a aaa 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16- bit immediate value to create 
an effective address. The index register may also be used 


as a temporary storage area. 
7 0 


PROGRAM COUNTER (PC) 


The program counter is a 12-bit register that contains 
the address of the next byte to be fetched. 
11 8 7 


PCH PCL 


STACK POINTER (SP) 


The stack pointer is a 12-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set at location $07F. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

The seven most-significant bits of the stack pointer are 
permanently set at 0000011. Subroutines and interrupts 
may be nested down to location $061 (31 bytes maxi- 
mum), which allows the programmer to use up to 15 
levels of subroutine calls (less if interrupts are allowed). 


11 4 0 


5 
jofojojojojijij] sr | 


CONDITION CODE REGISTER (CC) 


The condition code register is a 5-bit register in which 
four bits are used to indicate the results of the instruction 
just executed. These bits can be individually tested by a 
program, and specific actions can be taken as a result of 
their state. Each bit is explained in the following para- 
graphs. 


MOTOROLA MICROPROCESSOR DATA 


3-695 








MC68705U5 


4 0. 
pH} i [wiz to 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an external interrupt occurs while 
this bit is set, the interrupt is latched and is processed as 
soon as the interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative (bit 
7 in the result is a logic one). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occured during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions, and during shifts and 
rotates. 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the line 
logic level. 


POWER-ON-RESET (POR) 


An internal reset is generated on power-up that allows 
the internal clock generator to stabilize. The power-on 
reset is used strictly for power turn-on voltatge. A delay 
of tRHL milliseconds is required before allowing RESET 
input to go high. Connecting a capacitor to the RESET 
input (Figure 5) typically provides sufficient delay. 











6 5 4 


10 pF 





Figure 5. Power-Up RESET Delay Circuit 


EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period longer than one machine cycle 
(teyc). Under this type of reset, the Schmitt trigger switches 
off at ViRES- to provide an internal reset voltage. 


INTERRUPTS 


The MCU can be interrupted four different ways: (1) 
through the external interrupt INT input pin, (2) with the 
internal timer interrupt request, (3) using the software 
interrupt instruction (SWI), or (4) the external Port D (INT2) 
input pin. 

Interrupts cause the processor registers to be saved on 
the stack and the interrupt mask (I bit) set to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack after which 
normal processing resumes. The stacking order is shown 
in Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is considered to be the one 
already fetched and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardward interrupts and, if unmasked 


3 






7 2 1 0 Pull 
n-3 Accumulator n+2 





Push 


* For subroutine calls, only PCH and PCL are stacked. 


Figure 6. Interrupt Stacking Order 
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(| bit clear), proceeds with interrupt processing; other- 
wise, the next instruction if fetched and executed. Masked 
interrupts are latched for later interrupt service. If the 
timer interrupt status bit is cleared before unmasking the 
interrupt, then the interrupt is not latched. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction regardless of the setting 
of the | bit. Refer to Figure 7 for the reset and interrupt 
instruction processing sequence. 


TIMER INTERRUPT 


If the time mask bit (TCR6) is cleared, then, each time 
the timer decrements to zero (transitions from $01 to $00), 
an interrupt request is generated. The actual processor 
interrupt is generated only if the interrupt mask bit of the 
condition code register (CCR) is also cleared. When the 
interrupt is recognized, the current state of the machine 
is pushed onto the stack and the | bit in the CCR is set, 











191 (in CC) 
07F » SP 
0» DDRs 

CLR INT Logic 

FF» Timer | 

TCRE @1 

TCR7 40 





ee 





Put FFE on 
Address Bus 






TIMER INT) 
(TCR7 @ TCR6) 
MR7 e MR6E 
INT2 





Fetch 
Instruction 


masking further interrupts until the present one is serv- 
iced. The contents of the timer interrupt vector, contain- 
ing the location of the timer interrupt service routine, is 
then loaded into the program counter. At the end of the 
timer interrupt service routine, the software normally ex- 
ecutes an RTI instruction which restores the machine state 
and starts executing the interrupted program. The timer 
interrupt status bit can only be cleared by software. 


EXTERNAL INTERRUPT 


The external interrupt is internally synchronized and 
then latched on the falling edge cf INT ana INT2. Clearing 
the | bit enables the external interrupt. The INT2 interrupt 
has an interrupt request bit (bit 7) and a mask bit (bit 6) 
in the miscellaneous register (MR). The INT2 interrupt is 
inhibited when the mask bit ts set. The INT2 is always 








‘read as a digital input on port D. The INT2 and timer 


interrupt request bits, if set, cause the MCU to process 
an interrupt when the condition code | bit is clear. The 
following paragraphs describe two typical external in- 
terrupt circuits. 












Stack 
PC, X, A, CC 


Load PC From: 
SWI: FFC/FFD 
INT: FFA/FFB 
__Timer or 

INT2: FF8/FF9 


















Is Fetched 
Instruction 
on SWI? 










PC—PC+1 


N RESET 
Pin= High 





Load Options From 
MOR ($F38) Into 
Control Logic 






Execute 
Instruction 


Load PC 
From 
FFE/FFF 





Figure 7. Reset and Interrupt Processing Flowchart 
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Zero-Crossing Interrupt 


A sinusoidal input signal (fj maximum) can be used 
to generate an external interrupt (see Figure 8a) for use 
as a zero-crossing detector (for negative transitions of 
the ac sinusoid). This type of circuit allows applications 
such as servicing time-of-day routines and engaging/dis- 
engaging ac power control devices. Off-chip, full-wave 
rectification provides an interrupt at every zero crossing 
of the ac signal and, thereby, provides a 2f clock. 


Digital-Signal Interrupt 


With this type of circuit (Figure 8b), the INT pin can be 
driven by a digital signal. The maximum frequency of a 
signal that can be recognized by the TIMER or INT pin 
logic is dependent on the parameter labeled tw L, tWH. 
Refer to TIMER for additional information. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. The SWI 
execution is similar to the hardware interrupts. 


MODES OF OPERATION 


The MCU has two modes of operations: normal and 
bootstrap. The following paragraphs describe these 
modes. 


NORMAL MODE 


This mode is a single-chip mode and is entered if the 
following conditions are met: (1) the RESET line is low, 
(2) the PCO pin is within its normal operational range, 
and (3) the Vpp pin is connected to Vss. The next rising 
edge of the RESET pin then causes the part to enter the 
normal mode. 





BOOTSTRAP MODE 


The bootstrap mode is entered if the TIMER pin= + 12 
V. Refer to application note, MC6805P3/R3/U3 8-Bit EPROM 
Microcomputer Programming Module (AN-857 Rev.2). 


(a) Zero-Crossing Interrupt 


ac 


(Current 
Input 
(fin Max.) Limiting) 
Rs1MQ 
ac Inputs a 





TIMER 


The MCU consists of an 8-bit software programmable 
counter driven by a 7-bit software programmable pres- 
caler. The various timer sources are made via the timer 
control register (TCR) and/or the mask option register 
(MOR). The 8-bit counter may be loaded under program 
control and is decremented toward zero. When the timer 
reaches zero, the timer interrupt request bit (bit 7) in the 
timer control register (TCR) is set. Refer to Figure 9 for 
timer block diagram. 

The timer interrupt can be masked (disabled) by setting 
the timer interrupt mask bit (bit 6) in the TCR. When the 
| bit in the condition code register is cleared and TCR bit 
6 is cleared, the processor receives the interrupt. The 
MCU responds to this interrupt by (1) saving the present 
CPU state on the stack, (2) fetching the timer interrupt 
vector, and (3) executing the interrupt routine. The timer 
interrupt request bit must be cleared by software. Refers 
to RESETS and INTERRUPTS for additional information. 

The prescaler is a 7-bit divider which is used to extend 
the maximum length of the timer. To avoid truncation 
errors, the prescaler is cleared when TCR bit 3 is set to 
a logic one; however, the TCR bit 3 always reads as a 
logic zero to ensure proper operation with read-modify- 
write instructions. 

The timer continues to count past zero, falling from $00 
through $FF, and continues the countdown. The counter 
can be read at any time by reading the timer data register 
(TDR). This allows a program to determine the length of 
time since a timer interrupt has occurred without dis- 
turbing the counting process. The TDR is unaffected by 
reset. 


SOFTWARE CONTROLLED MODE 

This mode is selected when TOPT (bit 6) in the MOR 
is programmed to zero. The timer prescaler input can be 
configured for three different operating modes plus a 
disable mode, depending on the value written to TCR 
control bits 4 and 5 (TIE and TIN). The following para- 
graphs describe the different modes. 


(b) Digital-Signal Interrupt 
Vcc 





TTL 
Level 
Digital 
Input 


Figure 8. Typical Interrupt Circuits 
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FCIN Timer Data Register (TDR) 


8-Bit Counter 











Internal 
$2 
Clock | ae 
(fose +4) ee 
OSC | | ee | f= 2 pi 
e 
fpin_y— Prescaler Input Frequency Timer Control Register Bits: Mask Option Register Bits: 
fcjn — Counter Input Frequency TIR — Timer Interruot Request Status CLK — Clock Oscillator Type 
TIM -- Timer Interrupt Mask TOPT — Timer Mask/ Programmable Option 
TIN — Timer Input Select CLS — Timer Clock Source 
TIE— Timer External Input Enable (TIE) —(Timer External Input Enable) 
PSC — Prescaler Clear SNM — Secure/Non-Secure Mode Option 
PS2, PS1, PSO-—Prescaler Select P2, P1, PO—Prescaler Option 


Figure 9. Timer Block Diagram 
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Timer Input Mode 1 


When TIE and TIN are both programmed to zero, the 
timer input is from the internal clock (phase two) and the 
timer input pin is disabled. The internal clock mode can 
be used for periodic interrupt generation as well as a 
reference for frequency and event measurement. 


Timer Input Mode 2 


When TIE=1 and TIN=0, the internal clock and the 
timer input signals are ANDed to form the timer input. 
This mode can be used to measure external pulse widths. 
The active high, external pulse gates in the internal clock 
for the duration of the external pulse. The accuracy of 
the count is +1. 


Timer Input Mode 3 


When TIE =0 and TIN=1, no prescaler input frequency 
is applied to the prescaler and the timer is disabled. 


Timer Input Mode 4 


When TIE and TIN are both one, the timer input is from 
the external clock. The external clock can be used to count 
external events as well as to provide an external fre- 
quency for generating periodic interrupts. Frequency of 
external input must be < fog_/8. 


MOR CONTROLLED MODE 


This mode is selected when TOPT (bit 6) in the MOR 
is programmed to logic one. The timer circuits are the 
same as described in SOFTWARE CONTROLLED MODE. 
The logic levels of TCR bits 0, 1, 2, and 5 are determined 
during EPROM programming by the same bits in the MOR. 
Therefore bits 0, 1, 2, and 5 in the MOR control the pres- 
caler division and the timer clock selection. TIE (bit 4) and 
PSC (bit 3) in the TCR are set to a logic one when in the 
MOR controlled mode. TIM (bit 6) and TIR (bit 7) are 
controlled by the counter and software. 


TIMER CONTROL REGISTER (TCR) $009 


This is an 8-bit register that controls various functions 
such as configuring operation mode, setting ratio of the 
prescaler, and generating timer interrupt request signal. 
All bits are read/write except bit 3. The configuration of 
the TCR is determined by the TOPT (bit 6) in the MOR. 
When TOPT =1, the TCR emulates the MC6805U2; when 
TOPT=0, the TCR is controlled by software. 


TCR with MOR TOPT=1 

6 5 4 3 2 1 0 
Lina oe a es) SO) ee OP ae 
TCR with MOR TOPT=0 


6 5 4 3 2 1 0 


RESET: 
0 1 U - OU U U U U 


*The value of corresponding bits in MOR is written during RESET rising 
edge. These bits always read ‘one’. 


TIR — Timer Interrupt Request 
Used to indicate the timer interrupt when it is logic 
one 
1=Set when the timer data register changes to all 
zeros | 
0=Cleared by external reset, power-on reset, or 
under program control 
TIM — Timer Interrupt Mask 
Used to inhibit the timer interrupt 
1=Interrupt inhibited 
0=Interrupt enabled 
TIN — External or Internal 
Selects input clock source 
1 =External clock selected 
0=Internal clock selected (fosg¢/4) 
TIE — TIMER External Enable 
Used to enable external TIMER pin. When TOPT=1, 
TIE is always a logical ‘‘one”. 
1=Enables external timer pin 
0= Disables external timer pin - 
PSC — Prescaler Clear 
Write only bit. Writing a 1 to this bit resets the pres- 
caler to zero. A read of this location always indicates 
a zero when TOPT=0. When TOPT =1, this bit will 
read a logical “one’’ and has no effect on the pres- 
caler. 
PS2, PS1, PSO — Prescaler Clear 
Decoded to select one of eight outputs of the pres- 
caler 


Prescaler 


Divide By 









NOTES 


When changing the PS bits in software, the PSC 
bit should be written to a “one” in the same write 
cycle to clear the prescaler. Changing the PS bits 
without clearing the prescaler may cause prescaler 
truncation. 


MASK OPTION REGISTER (MOR) $F38 


The MOR is implemented in EPROM. This register con- 
tains all zeros prior to programming and is not affected 
by reset. The MOR bits are described in the following 
paragraphs. 


7 6 5 4 3 2 1 0 
cx | topr | cis | | sum | pz | pt | Po | 
CLK — Clock (oscillator type) 


1= Resistor Capacitor (RC) 
0=Crystal 
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TOPT — Timer Option 
1 = MC6805U2 type timer/prescaler. All bits except 
6 and 7, of the TCR are invisible to the user. 
Bits 5, 2, 1, and 0 of the MOR determine the 
equivalent MC6805U2 mask options. 
0=All TCR bits are implemented as a software pro- 
grammable timer. The state of MOR bits 5, 4, 
2, 1, and 0 sets the initial values of their re- 
spective TCR bits. 
CLS — Timer/Prescaler Clock Source 
1=External TIMER pin 
0=!nternal clock 
Bit 4 
Not used if TOPT =1. Sets the initial value of TIE in 
the TCR if TOPT =0. 
1= Not used 
0= Sets initial value of TIE in the TCR 
SNM — Secure. Mode. 
1=EPROM contents cannot be access externally 
0=EPROM not programmed 
P2, P1, PO 
The logical levels of these bits, when decoded, select 
one of eight outputs on the timer prescaler. 


Prescaler 





PROGRAMMING CONTROL REGISTER (PCR) $00B 


The PCR is an 8-bit register which provides the nec- 
essary control bits to program the EPROM. The bootstrap 
program manipulates the PCR when programming so the 
user need not be concerned with PCR in most applica- 
tions. 


TCR with MOR TOPT =1 

7 6 5 4 3 2 1 0 
pt fet ft ft ft | vow | roe | mee | 
eri U U U U U 1 1 


PLE — Programming Latch Enabe 
Controls address and data being latched into the 
EPROM. Set during reset, but may be cleared any- 
time. 
1=Read EPROM 
____  0=Latch address and data on EPROM 
PGE — Program Enable 
Enables programming of EPROM. Must be set when 
changing the address and data. Set during reset. 
1=Inhibit EPROM programming —__ 
0=Enable EPROM programming (if PLE is low) 






VPON — Vpp On 
A read-only bit that indicates high voltage at the Vpp 
pin. When set to “‘one’’, disconnects PGE and PLE 
from the chip. 
1=No high voltage on Vpp pin 
0=High voltage on Vpp pin 


NOTE 


VPON being “zero” does not indicate that the Vpp 
level is correct for programming. It is used as a 
safety interlock for the user in the normal operating 
mode. 










Programming Conditions 
Programming mode (program 
EPROM byte) 
PGE and PLE disabled from 
system 
Programming disabled (latch 


address and data in EPROM) 


PGE and PLE disabled from 
system 


Invalid state; PGE =0 if PLE=0 





1 






a 


Invalid state; PGE =0 if PLE=0 
“High voltage’ on Vpp 


PGE and PLE disabled from 
system (operating mode) 


EPROM PROGRAMMING 


leis 
1 


ERASING THE EPROM 


The EPROM can be erased by exposure to high-inten- 
sity ultraviolet (UV) light with a wavelength of 2537 angs- 
troms. The recommended integrated dose (UV intensity 
x exposure time) is 25Ws/cm2. The lamps should be 
used without software filters and the MCU should be 
positioned about one inch from the UV tubes. Ultraviolet 
erasure Clears all bits of the MCU EPROM to the “zero” 
state. Data then can be entered by programming “‘ones” 
into the desired bit locations. 


PROGRAMMING 


The MCU bootstrap program can be used to program 
the MCU EPROM. The alternate vectoring used to imple- 
ment the self check is used to start execution of the boot- 
strap program. 

A MCM2532 UV EPROM (other industry standard 
EPROMs may be used) must first be programmed with 
the same information that is to be transferred to the MCU 
EPROM. The MC68705U5 is programmed the same as 
the MC68705U3. Refer to application note, MC68705P3/ 
R3/U3 8-bit EPROM Microcomputer Programming Mod- 
ule (AN-857 Rev.2) for schematic diagrams and instruc- 
tions on programming the MCU EPROM. 


EMULATION 


The MC68705U5 emulates the MC6805U2 and 
MC6805U3 “exactly”. The MC6805U2 and MC6805U3 


& 
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mask features are implemented in the mask option reg- 
ister EPROM byte. The following identify the few minor 
exceptions to the exactness of the emulation. | 
1. The MC6805U2 “future ROM” areas are imple- 
mented in the MC68705U5 and these 1728 bytes 


must be left unprogrammed to accurately simulate - 


the MC6805U2. 

2. The reserved ROM areas have different data stored 
in them. In the MC6805U2 this area is used for self 
check, and in the MC68705U5 this area is used for 
the bootstrap program. 

3. The MC6805U2 reads all ones in the 48 byte “future 
RAM” area. This area is not implemented on the 
MC6805U2/U3 mask ROM version but is imple- 
mented on the MC68705U5. : 7 4 

4. The MC68705U5 Vpp (pin 7) line is tied to Vcc dur- 
ing normal operations. On MC6805U2, this pin is 
grounded during normal operations; on the 
MC6805U3, this pin is not connected. 


INSTRUCTION SET 


The MCU has a set of 59 basie instructions which can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 






Load A from Memory 

Load X from Memory 

Store A in Memory 

Store X in Memory 

Add Memory to A 

Add Memory and Carry to A 
Subtract Memory 






Subtract Memory from A with Borrow 
AND Memory to A 
OR Memory with A 


Memon 


Exclusive OR Memory with A 
Arithmetic Compare A with Memory 
Arithmetic Compare X with Memory 

Bit Test Memory with A (Logical Compare) 


Jump Unconditional 


| EOR 


Jump to Subroutine 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following listing of instructions. 














Increment 

Decrement 

Clear 

Complement 

Negate (2's Complement) 
Rotate Left Thru Carry 
Rotate Right Thru Carry 
Logical Shift Left 

Logical Shift Right 
Arithmetic Shift Right 





[Mnemonic 
| ROR 
Test for Negative or Zero 
BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 


lowing list for branch instructions. 


Branch Always } BRA | 
Branch Never BRN | 
Branch if Higher | BH | 
Branch if Lower or Same | Bis | 
Branch if Carry Clear | Bcc 
(Branch if Higher or Same) | (BHS) | 
Branch if Carry Set | Bcs 


| BNE | 
| BEQ 
| BHCC | 


(Branch if Lower) 
Branch if Not Equal 
Branch if Equal 
Branch if Half Carry Clear BHCC 
Branch if Half Carry Set 
Branch if Plus 


Branch if Minus 


BRA 
BHI 
BLS 
BCC 
BCS 
BHCS 


Branch if Interrupt Mask Bit is Clear 
Branch if Interrupt Mask Bit is Set 
Branch if Interrupt Line is Low 
Branch if Interrupt Line is High 


Branch to Subroutine 





| BM | 
| ems | 
| BSR 
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BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any bit which 
resides in the first 256 bytes of the memory space where 
all port registers, port DDRs, timer, timer control, and on- 
chip RAM reside. An additional feature allows the soft- 
ware to test and branch on the state of any bit within 
these 256 locations. The bit set, bit clear and bit test, and 
branch functions are all implemented with a single in- 
struction. For test and branch instructions, the value of 
the bit tested is also placed in the carry bit of the condition 
code register. Refer to the following list for bit manipu- 


lation instructions. 










| Function 

[Branch ifBitnisSet_ | BRSET n (n= 0.71 
nad} 
bad) 






BSET n in=0 
BCLR n (n=0 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 


Transfer A to X 


Transfer X to A 









[Mnemonic | 
Clear Carry Bit 
Return from Subroutine 

| NOP 


No-Operation 


OPCODE MAP SUMMARY 


Table 2 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single-byte 
instructions, while the longest instructions (three bytes) 
permit accessing tables throughout memory. Short and 


long absolute addressing is also included. Two-byte direct- 
addressing instructions access all data bytes in most ap- 
plications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from 
the opcode address. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. Thus, this addressing mode can access the first 
256 memory locations. These instructions are only one 
byte long. This mode is often used to move a pointer 
through a table or to hold the address of a frequently 
referenced RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 
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Abbreviations for Address Modes 





INH Inherent 

IMM immediate 

DIR Direct # of Cycles 

EXT Extended ae Opcode in Binary 
REL _——Relative Mnemonic | 
BSC Bit Set/Clear Bytes 

BTB Bit Test and Branch 

IX indexed (No Offset) Address Mode 
\X1 . Indexed, 1 Byte (8-Bit) Offset 


IX2 Indexed, 2 Byte (16-Bit) Offset 


Opcode in Hexadecimal 
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INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This addressing mode can be used in a man- 
ner similar to indexed, 8-bit offset except that this three- 
byte instruction allows tables to be anywhere in memory. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode. The byte following the 
opcode specifies the direct addressing of the byte to which 
the specified bit is to be set or cleared. Thus, any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 


bit to be tested, and its condition (set or clear), is included 
in the opcode. The address of the byte to be tested is in 
the single byte immediately following the opcode byte. 
The signed relative 8-bit offset in the third byte is added 
to the PC if the specified bit is set or cleared in the spec- 
ified memory location. This single three-byte instruction 
allows the program to branch based on the condition of 
any readable bit in the first 256 locations of memory. The 
span of branching is from — 125 to + 130 from the opcode 
address. The state of the tested bit is also transferred to 
the carry bit of the condition code register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS (Voltages Referenced to Vss) 


Symbol 


Supply Voltage Vee —0.3 to +7.0 


Input Voltage 
EPROM Programming Voltage 


These devices contain circuity to protect 
the inputs against damage due to high static 
voltages or electrical fields; however, it is ad- 
vised that normal precautions be taken to 
avoid application of any voltage higher than 





—0.3 to + 22.0 
-0.3 to +7.0 


maximum rated voltages to this high-imped- 
ance circuit. For proper operation, it is rec- 
ommended that Vin and Voyt be constrained 
to the range Vss < (Vjn and Vout) < Vcc. 
Reliability of operation is enhanced if unused 
inputs except EXTAL are tied to an appro- 
priate logic voltage level (e.g., either Vss or 


(Vpp Pin) Vpp 
TIMER Pin — Normal Mode Vin 
TIMER Pin — Bootstrap 
Programming Mode 


—0.3 to + 15.0 
-—0.3 to +7.0 


Ty to TH 
0 to +70 Ver 
—~40 to +85 CC! 


All Others 


Operating Temperature Range 
MC68705U5 


Vin 
Vin 
MC68705U5C i 


Storage Temperature Range “si 
Junction Temperature 
Cerdip 


THERMAL CHARACTERISTICS 


Symbol mel Yale fut 


Thermal Resistance °C/W 
Cerdip 












POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat+(Pp° 8ya) (1) 
where: 
TA = Ambient Temperature, °C 
BJA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pint+Pport 
PINT =Icc x Vcc, Watts — Chip Internal Power 


PportT = Port Power Dissipation, 
Watts — User Determined 


For most applications PepgrtT<Pint and can be ne- 
glected. PPORT may become significant if the device is 
configured to drive Darlington bases or sink LED loads. 

An approximate relationship between Pp and Ty (if 
Pport is neglected) is: 


Pp =K=+(Ty +273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp (Ta + 273°C) + by ArPD2 (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known T,. Using this value of K, 
the values of Pp and Tj can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Tp 
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PROGRAMMING OPERATION ELECTRICAL CHARACTERISTICS 
(Vcc=5.25 Vde +0.5%, Vgg=0 Vdc, Ta = 20°C to 30°C, unless otherwise noted) 


Programming Voltage Vpp 


Vpp Supply Current 
Vpp=5.25 V 
Vpp=21.0 V 


Programming Oscillator Frequency 






























ELECTRICAL CHARACTERISTICS 
(Vcc = +5.25 Vdc +0.5 Vde, Vgg =0 Vdc, Ta=0°C to 70°C, unless otherwise noted) 


Characteristic 






Input High Voltage 
RESET (4.99 < Vcc < 5.51) 





—_ (Vee < 4.75) 

INT (4.99 < Vcc < 5.51) 
(Vcc < 4.75) 

All Other 


Input High Voltage (TIMER Pin) 
Timer Mode 
Bootstrap Programming Mode 





Input Low Voltage 
















RESET 

INT 

All Other | | 
Internal Power Dissipation (No Port Loading, Vcc =5.25 V Ta =0°C 

for Steady-State Operation TA =48°C 





Input Capacitance 
XTAL 
All Other 


INT Zero-Crossing Input Voltage — Through a Capacitor 


RESET Hysteresis Voltage 
Out of Reset Voltage 
Into Reset Voltage 




















Programming Voltage (Vpp Pin) 
Programming EPROM 
Operating Mode 





Input Current 
TIMER (Vin =0.4 V) 
INT (Vin =0.4 V) 
EXTAL (Vin =2.4 V to Vcc Crystal Option) 
(Vin =0.4 V Crystal Option) 
RESET (Vip =0.8 V) 
(External Capacitor Changing Current) 


*Vpp (pin 7) is connected to Vcc in the normal operating mode. 
**Due to internal biasing, this input (when not used) floats to approximately 2.0 V. 


\ 
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SWITCHING CHARACTERISTICS 
(Vcc = + 5.25 Vde +0.5 Vdc, Vgg =0 Vdc, Ta =0°C to 70°C, unless otherwise noted) 


| Characteristic | Symbot | Min | Typ 
a 
Normal 
[Instruction Cycle Time (4ifosc) = |Site (|S 
RESET Pulse Width 
RESET Delay Time (External Cap=1.0 pF) tRHL 100 _ — 
INT Zero-Crossing Detection Input Frequency 


External Clock Duty Cycle (EXTAL) | -~ | «a | 50 | 
Crystal Oscillator Start-Up Time | - | -—- | —- | 


PORT ELECTRICAL CHARACTERISTICS 
(Vcc= + 5.25 Vde +0.5 Vde, Vgg=0 Vdc, Ta =0° to 70°C, unless otherwise noted) 


| Characteristic | Symbot | min | Tye 
Output Low Voltage, ILgaq= 1.6 mA VOL 


Output High Voltage, ILgaq= — 100 pA VOH 


MHz 
4.2 


— 
© 
n 





3 
7) 


= 
(=) 
~~ 


Zz 


00s 






vn |O |x 
Hn |oO - 








Output High Voltage, || 9aq= — 10 pA VOH Vec=1.0. 


Input High Voltage, ILoaq = — 300 pA (Max) VIH 
Input Low Voltage, ILgaq= — 500 pA (Max) VIL 





Vs 
Hi-Z State Input Current (Vin =2.0 V to Vcc) lH 
Hi-Z State Input Current (Vip =0.4 V) NL 


Port B 


, 


v 
v 
v0 
lo 
v 
v 
irs 
| | Port C 

its 
Port D (Input Only) 





Ne 
°O Bh 
ras) 


OL 
OL 
H 
H 
IH 
IL 
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oO 
rr 
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r= 
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VC 
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Vcc =5.75 V 























Test MMD6150 | | 
Point or Equiv. 1.45 kQ) Test Point aa 
| 30 pF (Total) 
S a MMD7000 
(Total) or Equiv. 
Figure 10. TTL Equivalent Test Load Figure 11. CMOS Equivalent Test Load 
(Port B) (Port A) 
Vcc =5.75 V 
Test MMbD6150 . Vcc =5.75 V 
Point i 3.34 kO 
SEean: 2.91 kQ 
Test 
Point 
MMD7000 
30 pF 
aol or Equiv. ai 30 pF (Total) 
Figure 12. TTL Equivalent Test Load | Figure 13. Open-Drain Equivalent Test Load 
(Ports A and C) | (Port C) 
VDD 
Port C Open-Drain Port.A CMOS >> Vop 





fe Pullup Option 








1-10k Typ. 


Option ." VpDe 






ilk- 


Port DDR 
Port Data 


PB DDR 
PB Data 


IP = Input Protection 


' {P= Input Protection 


Figure 15. Port B Logic Diagram 


Test Point pee ern 


oh) 
Vary V, 
Measure | 
Ca 





Figure 16. Typical Input Protection Figure 17. I/O Characteristic 
; Measurement Circuit 
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MECHANICAL DATA 


This section contains the pin assignments and package dimensions for the MC68705U5. 


PIN ASSIGNMENTS 


PA? 
PAG 
PAS 
PAA 
PA3 
PA2 
PAI 
PAO 
PB7 
PB6 
PBS 
PB4 
PB3 
PB2 | 
PBI 
PBO 
PDO 
PD! 
PD2 
PD3 





ORDERING INFORMATION | 


The following table provides generic information pertaining to the package type, temperature, and MC order numbers 
for the MC68705U5. 


Table 3. Generic Information 


Package Type Order Number 


Cerdip 0°C to 70°C MC68705U5S 
S Suffix ~ 40°C to + 85°C MC68705U5CS 
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Product Preview 
8-Bit Microcontroller Unit 


The MC68HCO5AE is an advanced 8-bit microcontroller unit (MCU) with highly sophisticated on- 
chip peripheral capabilities. This device is similar to the MC68HC05C4 with some differences includ- 
ing 2048 bytes of EEPROM and 4156 bytes of user ROM. 

The following are some of the hardware and software features of the MC68HCOS5A6. 

@ HCMOS Technology : 
Fully Static Operation 
4156 Bytes of User ROM 
176 Bytes of RAM 
2048 Bytes of EEPROM 
240 Bytes of Self-Check Bootstrap Loader ROM 
24 Bidirectional I/O Lines 
16-Bit Timer Subsystem 
Serial Communications Interface (SCI) 
Serial Peripheral Interface (SPI) 
Interrupts: External, Timer, SCI, and SPI 
Master Reset and Power-On Reset 
Single 3- to 6-Volt Supply 
On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Option 
2.1 MHz Internal Operation Frequency at 5 Volts 
True Bit Manipulation 
Memory Mapped I/O 
Two Power Saving Standby Modes 
Multiply Instruction 
40-Pin Dip, 44-Pin PLCC Package 
EEPROM Programming Bootstrap and Charge Pump On-Chip 





This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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BLOCK DIAGRAM 




























CRYSTAL, OSCILLATOR BIDIRECTIONAL 
set MBSHCOS aha BIDIRECTIONAL 
FAMILY PINS /0 PINS 
PROCESSOR 
3 T0 6 VOLTS POWER 
INPUT INPUT PORT PIN 





RESET AND MODE 






PORT PIN 
176 BYTES 
CONTROL RAM 
SERIAL 
PERIPHERAL 










































SPI OR INPUT 
ERFACE 
4156 BYTES pie BOR RNS 
INTERRUPT OR EXTERNAL USER ROM 
INPUT DATA PIN INTERRUPT 
2048 BYTES 
SERIAL 
BYTE ERASE COMMUNICATIONS SCI OR INPUT 
EEPROM INTERFACE PORT PINS 
INPUT CAPTURE 
16-BIT (SCI) 
















TIMER 240 BYTES 
OUTPUT COMPARE SUBSYSTEM SELF-CHECK/ 
BOOTSTRAP aria 
ROM GENERATOR 
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Technical Summary — 
8-Bit Microcontroller Unit 


The MC68HC05B4 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of microcontrollers. 
This high-performance, low-power MCU has parallel I/O capability with pins programmable as input or output. This 
publication contains condensed information on the MCU; for more detailed information, contact your local Motorola 
sales office. 

The following block diagram depicts the hardware features; additional features available on the MCU are shown 
below and at the top of page 2. 

On-Chip Oscillator with Crystal/Ceramic Resonator 
Memory-Mapped |/O 

176 Bytes of On-Chip RAM © 

4160 Bytes of User ROM 

24 Bidirectional I/O Lines and 8 Input-Only Lines 


BLOCK DIAGRAM 





<< <— 

fom Q ee 

<x co a: ae ao a Hi 
= = $ S$ 58 8 ff 
a a a oS ce 42 4d le 


OSCILLATOR OSC1 
PLM SYSTEM TIMER SYSTEM WATCHDOG SYSTEM AND 
Bt f DIVIDER BY 2/32 OSC2 


e INTERNAL PROCESSOR CLOCK 


PBO PCO 
ACCUMULATOR PCI 
PBI ‘ CPU 
PorTB PB? PORT | DATA : . CONTROL DATA | PORT Saas 
/0 LINES i B | DIR INDEX pir. | pea PORT C 
REG. | REG. REGISTER REG. | REG. /0 LINES 
PB5 8 X PC5 
| PB6 PC6 
PB7 CONDITION CODE PC7 
; REGISTER 4 





erick PDO/ANO 
POINTER — a 
PAO g 3 es PD2/AN2 
PAI PD3/AN3 
PA2 PROGRAM COUNTER cx  PD4/AN4 
PORTA — PAB a oe HIGH aan PDS/AN5 
V0 LINE PAS : pe Su | PD6/ANG 
PAS REG. | REG. = SATAN? 
2 
PAG PROGRAM COUNTER oF ult 
PAT 8 LOW PCL VRH 
VRL 
USER ROM STATIC RAM RO! 
4160: x 8 176 x8 SCI SYSTEM SCLK 
TDO 
SELF-CHECK 
432 x 8 =«— VoD 


a= VSS 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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Features — continued 
@ Serial Communications Interface (SCI) System 

8-Channel A/D Converter 

Watchdog System 

Self-Check Mode 

Power-Saving STOP and WAIT Modes 

Single 3.0- to 6.0-Volt Supply 

Fully Static Operation 

Two Pulse-Length Modulation Systems (D/A) 
2-Channel Pulse Length Modulator 


SIGNAL DESCRIPTION 


The signal descriptions of the MCU are discussed in 
the following paragraphs. 


Vpp AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vpp is the positive supply, and Vss is ground. 


IRO 


This pin is a programmable option that provides four 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. Note that the voltage 
level on this pin affects the mode of operation. 


OSC1, OSC2 


These pins provide contro! input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, or an 
external signal connects to these pins providing a system 
clock. The oscillator frequency is two times the internal 
bus rate (or 32 times as a software option). 


Crystal 


The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vpp 
specifications. 


Ceramic Resonator 


A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 


External Clock 


An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(d). 


Slow Mode Option Divides the Basic Clock Frequency by 16 
16-Bit Timer with Two Input Input Capture and Two Output Compare Functions 


INPUT CAPTURE (TCAP1) 


This pin controls the input capture 1 feature for the on- 
chip programmable timer. Note that the voltage level on 
this pin affects the mode of operation. 


INPUT CAPTURE (TCAP2) 


This pin controls the input capture 2 feature for the on- 
chip programmable timer. 


OUTPUT COMPARE (TCMP1) 


This pin provides an output for the output compare 1 
feature of the on-chip timer. 


OUTPUT COMPARE (TCMP2) 


This pin provides an output for the output compare 2 
feature on the on-chip timer. 


RESET 


This pin is used to reset the MCU and provide an or- 
derly start-up procedure by pulling RESET low. The volt- 
age level on this pin affects the mode of operation (see 
Table 2, Mode of Operation Selection). 





INPUT/OUTPUT PORTS (PA7-—PA0, PB7—PBO, PC7—PCO) 


These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 


FIXED INPUT PORT (PD0/ANO-PD7/AN7) 


These eight lines comprise port D, a fixed input port. 
lf the A/D function is enabled, it affects this port. Port D 
accepts the eight analog inputs when the A/D is enabled. 
Port D can be used for digital input during a conversion 
sequence, but this may inject noise on the analog signals, 
reducing the conversion accuracy. Also, a digital read of 
port D with levels other than Vpp or Vss on the pins 
results in greater power dissipation during the read cycle. 
Refer to PROGRAMMING for additional information. 


NOTE 


In the 48-pin dual-in-line package, the fixed input 
port (D) of the MC68HCO05B4 is reduced to six pins 
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Ceramic Resonator 
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(a) Crystal/Ceramic Resonator Parameters 
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(b) Crystal/Ceramic Resonator (c) Equivalent Crystal Circuit 


Oscillator Connections 


MCU 





OSC2 


O 
UNCONNECTED . 
EXTERNAL CLOCK 


(d) External Clock Source Connections 


Figure 1. Oscillator Connections 


(PD5-PDO, AN5-ANO). This change has no effect on 
either programming or epetatae of Bott D or the 
A/D converter. 


PLMA 


This pin is the output of the pulse-length modulation 
converter A. See PULSE- LENGTH D/A CONVERTERS for 
further information. 


PLMB 


This pin is the output of the pulse-length modulation 
converter B. See PULSE-LENGTH D/A CONVERTERS for 
further information. 


RDI (Receive Data In) 


This pin is the input of the SCI receiver. See Serial 
Communications Interface for more information. 


TDO (Transmit Data Out) 
This pin is the output of the SCI transmitter. See Serial 
Communications Interface for more information. 


SCLK 


This pin is the clock output pin of the SCI transmitter. 
See. Serial Communications Interface for more infor- 
mation. 


VRH 
This pin is the positive reference voltage for the A/D 
converter. 


VRL 
This pin is the negative reference voltage for the A/D 
converter. 


INPUT/OUTPUT PROGRAMMING 


Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 
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INPUT/OUTPUT PORT PROGRAMMING 


Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic ievels ai 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 2 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 


Table 1. I/O Pin Functions 




























| R/W* | por 1/O Pin Functions 
0 i 0 The 1’/O pin is in input mode. Data is writ- 
ten into the output data latch. 
0 1 Data Is written into the output data latch 
and output to the !/O pin. 








1 0 The state of the I/O pin is read. 


1 1 The I/O pin is in an output mode. The out- 
= put data latch Is read. 





















*R W is an internal signal. 


Under software control, the PC2 pin can become the 
CPU clock output. If this option is selected, the corre- 
sponding DDR bit is automatically set, and bit 2 of port 
C always reads the output data latch. The other port C 
pins are not affected by this feature. 









DATA DIRECTION 
REGISTER 
BIT 





LATCHED 


INTERNAL OUTPUT DATA 
MCU BIT 
CONNECTIONS 


E Clock Control Register (CTL/ECLK) $07 





7 6 5 4 3 2 0 
jo fo fo [oo feo} o fo | 
RESET: 

0 0 0 0 0 0 0 0 


ECLK — ECLK Control 
1—1/O port function of PC2 is forced to output mode, 
and PC2 outputs the ECLK CPU clock. 
0~ PC2 functions as a regular |/O pin. 


FIXED INPUT PORT PROGRAMMING 


Port D is a fixed input port that monitors the external 
pins whenever the A/D is disabled. After reset, all the bits 
become digital inputs because all special function drivers 
are disabled. Port D is always a digital input, whether the 
A/D is on or off. 


NOTE 


Any unused inputs and |/O ports should be tied to 
an appropriate logic level (e.g., either Vpp or Vss). 


SERIAL PORT (SCI) PROGRAMMING 


The SCI uses two or three pins for its functions: RDI 
for its receive data input, TDO for its transmit data output, 
and SCLK to output the transmitter clock, if needed. 


MEMORY 


The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 3. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. The user-defined reset and interrupt 
vectors are located from $1FFO to $1FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 


Figure 2. Typical Port I/O Circuit 
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0 AND 
REGISTERS 
32 BYTES 


PAGE 0 
USER ROM 
48 BYTES 


RAM 
176 BYTES 
INCLUDING 


STACK 
64 BYTES 


$00 
$01 
$02 
$03 
$04 
$05 
$06 
$07 
$08 
$09 
SOA 
$0B 
$0C 
$0D 
SOE 
SOF 
$10 
$11 
$12 
$13 
$14 
$15 
$16 
$17 
$18 
$19 
SIA 
$1B 
SIC 
$1D 
SIE 
SIF 


[7 onro nrur oata nessren 
























CONTROL 
1 BYTES 


A/D CONVERTER 
2 BYTES’ 
PLM SYSTEM 
2 BYTES 
MISCELLANEOUS 
1 BYTE 


SERIAL 
COMMUNICATIONS 
INTERFACE 
5 BYTES 













UNUSED 
256 BYTES 





















SELF-CHECK 
ROM | 
192 BYTES 


| UNUSED 
3136 BYTES 


. 4K USER ROM 
4096 BYTES 


SELF-CHECK 
ROM II 
240 BYTES 








Figure 3. Memory Map 


during pulls. Refer to INTERRUPTS for additional infor- INDEX REGISTER (X) 


mation. The index register is an 8-bit register used for the in- 


dexed addressing mode. It contains an 8-bit value that 


NOTE may be added to an 8- or 16-bit immediate value to create 
Using the stack area for data storage or temporary an effective address. The index register may also be used 
work locations requires care to prevent it from being as a temporary storage area. 
overwritten due to stacking from an interrupt or 
subroutine call. 4 » - 0 
PROGRAM COUNTER (PC) 
REGISTERS The program counter is a 13-bit register that contains 
The MCU contains the registers described in the fol- the address of the next instruction to be executed. 


lowing paragraphs. 12 0 


ACCUMULATOR (A) | 


The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 


STACK POINTER (SP) 
or data manipulations. 


The stack pointer is a 13-bit register that contains the 
7 0 address of the next free location on the stack. During an 


[aid MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 


z ' | oe | 
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is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $00CO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 


12 7 0 
ofofofofofifiy se 


CONDITION CODE REGISTER (CCR) 


The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 


peti iNfz tc | 
Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 


Zero (2) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 


SELF-CHECK 


The self-check capability provides the ability to deter- 
mine if the device is functional. Table 2 shows how self- 
check mode Is entered. Self-check is performed using the 
circuit shown in Figure 4. Port C pins PC3—PCO are mon- 
itored for the self-check results. After reset, the following 
tests are performed automatically: 


(0 — Exercise of ports A, B, C, and D 
RAM — Counter test for each RAM byte 
ROM — Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks ICF1, 
ICF2, OCF1, OCF2, and TOV flag 
Interrupts — Tests external, timer, and SCI interrupts 
SCI — Transmission test; checks RDRF, TDRE, TC, 
and FE flags 
A/D — Checks A/D on internal channels: VRL, VRH, 
and (Vp, +VRH)/2 
PLM — Checks basic PLM function 
Watchdog System — Checks watchdog function 
Self-check results (using the LEDs as monitors) are 
shown in Table 3. The following subroutines are available 
to the user and do not require any external hardware. 


Table 2. Mode of Operation Selection 


| RESET Pin | iROPin | TCAP1 Pin Mode 
Vss Vss to VoD 
























Table 3. Self-Check Results 


PCI | PCO 
1 
1 











3 | PC2 Remarks 


0 |Badrot 
0 [Bagram 
ea 
ea 


1 


—_— — -O 


: 
To esa 
cipal 
co 


1 
1 
1 
1 
1 1 1 


Bad Interrupts 


Bad Watchdog 
Flashing 
All Others Bad Device, Bad Port, etc. 


0 indicates LED is on; 1 indicates LED is off. 


= 





RAM CHECK SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The stack 
pointer must be set to $FF. The RAM check subroutine is 
called at location $021E. A counter test is done on each 
location from address $50 to $FD. Each location is made 
to count from $00 to $00 again. Locations $FE and $FF 
are assumed to contain the return address. Upon return 
to the user’s program, if the test passed, X = $00, A= $00, 
and RAM locations $0050 and $00FD contain $01. 


NOTE 


The watchdog system is turned on when calling this 
subroutine. 


: . € . 
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RESET 
. 
1 001 pF V9 
7 6 
40 
50 
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28 
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NOTE: Pin numbers are valid for 52-pin PLCC package only. 


Figure 4. Self-Check Circuit Schematic Diagram 
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A/D CONVERTER CHECK SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error Is detected; otherwise, the Z bit is set. The subrou- 
tine ts called at location $1FAA with X = $00 and A/D STAT/ 
CTRL (address $09)=$20 (ADON=1 for more than 100 
us and channel PDO selected). Conversion is done on 
three of the internal channels: VRH, VRL, and (VR, + VRH)/ 
2. The result of these conversions is verified at +1 LSB. 
Upon return to the user’s program, if the test passed, 
X - $09, A= $00 or $01. 


ROM CHECKSUM SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $0232 with RAM 
location $0053 equal to $01 and A=0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user’s program, 
if the test passed, X=0, A=0. 


NOTE 


The A/D and the watchdog system are turned on 
when calling this subroutine. 


RESETS 


The MCU can be reset two ways: by initial power-up 
(POR) and by the external reset input (RESET). The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 











POWER-ON RESET (POR) 


An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a delay (tpORL) after the oscillator becomes ac- 
tive. If the RESET pin is low at the end of tpoRL the MCU 
will remain in the reset condition until RESET goes high. 
A mask option allows tpORL to be either 16 or 4064 in- 
ternal processor clock cycles (teyc). 





EXTERNAL RESET INPUT 
The MCU is reset when a logic zero is applied to the 


RESET input for a period of one and one-half machine | 


cycles (teyc). 


Miscellaneous Register (0C) 


7 6 5 Bie 2 1 0 
pon | ire | inrw | inte woos 
RESET: 

U 0 0 0 0 0 0 


POR — Power-On Reset 
1=The reset occurring is a power-on, not external, 
reset 
0 = Power-on reset not in progress 


INTP — External Interrupt Positive 
Allows a choice of IRO sensitivity, with INTN. See 
Table 4. 
INTN — External Interrupt Negative 
Allows a choice of IRQ sensitivity, with INTP. See 
Table 4. 
INTE — External Interrupt Enable 
Allows the user to enable or disable the external in- 
terrupt function 
SFA — Slow/Fast Selection for PLMA 
1 = Slow speed used for PLMA (4096 times the timer 
clock period) 
0=Fast speed used for PLMA (256 times the timer 
clock period). See PULSE-LENGTH D/A CON- 
VERTERS 
SFB — Slow/Fast Selection for PLMB 
1= Slow speed used for PLMB (4096 times the times 
clock period) 
0=Fast speed used for PLMB (256 times the timer 
clock period). See PULSE-LENGTH D/A CON- 
VERTERS 
SM — Slow Mode 
1 = System runs at 1/16th the normal clock rate (fgsc/ 
32) 
0= System runs at normal clock rate (fog¢/2) — 
WDOG — Watchdog Counter System 
1 = Watchdog counter system enabled 
0 = Watchdog counter system disabled 


NOTE 


The reset generated by the watchdog timer is a 
system reset; thus, the watchdog is disabled after 
a watchdog reset. 


Table 4. External Interrupt Options 


INTP INTN External Interrupt Options 


Negative Edge and Low-Level Sensitive 
Negative Edge Only 

Positive Edge Only 

Positive and Negative Edge Sensitive 








Slow Mode 


The slow mode function is controlled by the SM bit in 
the miscellaneous register (OC). In slow mode (SM = 1), 
an extra divide-by-sixteen circuit is added between the 
oscillator and the internal clock driver. This slows all func- 
tions by a factor of 16 (including SCI, A/D, and timer), 
which is particularly useful in WAIT mode. SM is cleared 
by external or power-on reset and by STOP mode. 


NOTE 


If slow mode is enabled while using the A/D, the 
internal A/D RC oscillator should be turned on. 


Watchdog System 


The watchdog counter is driven by the 1024 prescaler 
in the timer and, unless the counter is reset, generates a 
system reset when it reaches its maximum count 
(1024 x 8). 
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A mask option is available that provides two methods 
of enabling the watchdog timer. In the first option, the 
_ watchdog system is controlled by the WDOG bit in the 
miscellaneous register (OC). Writing a one to the bit starts 
the watchdog or, if it is already started, resets the counter 
to zero. Writing a zero has no effect; the WDOG bit can 
only be cleared by external or power-on reset. In the 
second option, the watchdog timer is always enabled 
following reset. 


A second mask option determines the watchdog timer. 


function during WAIT. The watchdog timer can remain 
active during WAIT, and can cause a reset if the device 
remains in WAIT longer than the watchdog timeout pe- 
riod. Alternatively, the watchdog timer suspends oper- 
ation during WAIT and resets its count, resuming normal 
operation following reset. 


INTERRUPTS 


The MCU can be interrupted four different ways: the 
three maskable hardware interrupts (IRQ, SCI, and timer) 
and the nonmaskabie software interrupt instruction (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 5. | 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 
The current instruction is the one already fetched 
and being operated on. | 


When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
_ ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 


7 








INCREASING MEMORY 
ADDRESSES 


azawcuamy 


UNSTACK 


NOTE: 


TrTi T+] conbirion cove newisTen 
NS 


PCL 


Refer to Figure 6 for the reset and interrupt instruction 
processing sequence. 


TIMER INTERRUPT 


There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 


EXTERNAL INTERRUPT 


If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the | bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1FFA and $1FFB. 

Four options are available for interrupt triggering sen- 
sitivity: 

@ Negative edge and low level 

e Negative edge only 

@ Positive edge only 

@ Positive and negative edge 
See Miscellaneous Register (OC) for further information. 

Figure 7 shows a mode timing diagram for the interrupt 
line. The timing diagram shows two treatments of the 
interrupt line to the processor. The first method shows a 
single pulse on the interrupt line spaced far enough apart 
to be serviced. The minimum time between pulses is a 
function of the length of the interrupt service. Once a 
pulse occurs, the next pulse should not occur until an RTI 
occurs. This time (tiL|L) is obtained by adding 21 instruc- 
tion cycles to the total number of cycles it takes to com- 
plete the service routine (not including the RTI instruction). 
The second method shows many interrupt lines “wire- 
ORed” to form the interrupts at the processor. If the in- 
terrupt line remains low after servicing an interrupt, then 
the next interrupt is recognized. 


NOTE 
The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the | bit is cleared. 


9 STACK 





DECREASING MEMORY 
ADDRESSES 
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Since the Stack Pointer decrements during pushes, the 


PCL is stacked first, followed by PCH, etc. Pulling from 
the stack is in the reverse order. 


Figure 5. Interrupt Stacking Order 
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IRQ 
EXTERNAL 
INTERRUPT 






TIMER 
INTERNAL 
INTERRUPT 










SCI 
INTERNAL 
INTERRUPT 


FETCH 
-NEXT 
INSTRUCTION 


EXECUTE 
INSTRUCTION 


Figure 6. Reset and Int 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 


MOTOROLA MIC 











CLEAR IRQ 
REQUEST 
LATCH 













SET 
| BIT 


STACK 
PC, X, A, CC 


LOAD PC FROM: 
SWI: $1FFC-$1FFD 
SWI: $1FFA-$1FFB 
TIMER: $1FF8-$1FF9 

SCI: $1FF6-$1FF7 


COMPLETE 
INTERRUPT 
ROUTINE 
AND EXECUTE 
RT| 





errupt Processing Flowchart 


SCI INTERRUPTS 


An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the | bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
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Edge-Sensitive Trigger Condition 
The minimum pulse width (tL jH) is either 


ira —| x tILIH | | 125 ns (Vpp=5 V) or 250 ns (Vpp=3 V). 
The period tjLj_ should not be less than 


iRQ1 tILIH 
3 | 


e 
IROn | 
el r 
(MCU) 


the number of teyc cycles it takes to ex- 
ecute the interrupt service routine plus 21 
tcyc cycles. 


Level-Sensitive Trigger Condition 
lf after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is rec- 
ognized. 


NORMALLY 
USED WITH 
WIRE-ORed 
CONNECTION 


Figure 7. External Interrupt Mode Diagram 


examining the interrupt flags and status bits in the SCI 
status register. 


LOW-POWER MODES 


STOP 


The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and A/D operation (refer to Figure 8). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The | bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 


SCI during STOP Mode 


When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in- 
struction is executed during a transmitter transfer, that 
transfer is halted. If a low input to the IRO pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 


Watchdog during STOP Mode 


The STOP instruction is inhibited when the watchdog 
system is enabled. lf a STOP instruction is executed while 
the watchdog is enabled, a reset occurs that resets the 
entire MCU. . 







STOP OSCILLATOR 
AND ALL CLOCKS 


CLEAR | BIT 











EXTERNAL 
INTERRUPT 
(IRQ) 


TURN ON OSCILLATOR 
WAIT FOR TIME 
DELAY TO STABILIZE 





(1) FETCH RESET VECTOR OR 
(2) SERVICE INTERRUPT 

A. STACK 

B. SET | BIT 

C. VECTOR TO INTERRUPT 
ROUTINE 


Figure 8. STOP Function Flowchart 
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PLM during STOP Mode 


When the MCU enters stop mode, the PLM outputs 
remain at their particular level. If power-on or external 
reset causes the exit from stop mode, the register values 
are forced to $00. 


A/D Converter: during STOP Mode 


When stop mode is entered with the A/D converter 
turned on, the A/D clocks are stopped and the A/D con- 
verter is disabled for the duration of stop mode, including 
the tpORL startup time. If the A/D RC oscillator is used, 
it will also be disabled. 

When leaving STOP mode, after the tpQRL startup time, 
the A/D converter and A/D RC oscillator resume regular 
operation. However, a time taDON is required for the 
current sources to stabilize. During tapOn, A/D conver- 
sion results may be inaccurate. 


WAIT 


The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action and the 
watchdog system are suspended, but the timer, SCI, PLM, 
and A/D remain active (refer to Figure 9). An interrupt 
from the timer, SCI, or an IRO can cause the MCU to exit 
the WAIT mode. 

During the WAIT mode, the | bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 

To achieve proper operation and reduce power con- 
sumption, the following points should be set as desired 
before entering wait mode: 


@ Timer interrupt enable bits 
@ A/D control bits . 
@ SCI enable bits and interrupt enable bits 


TIMER 


The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements of two input signals while si- 
multaneously generating two output waveforms. Pulse 
widths can vary from several microseconds to many sec- 
onds. The programmable timer works In conjunction with 
the PLM system to execute two 8-bit D/A PLM conver- 
sions, with a choice of two repetition rates. Refer to Figure 
10 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 


WAIT 


OSCILLATOR ACTIVE 
TIMER, SCI, AND A/D 


CLOCKS ACTIVE 
PROCESSOR CLOCKS STOPPED 





NO 


RESET 







EXTERNAL 
INTERRUPT 
(RQ) 


NO 







TIMER 
INTERRUPT 


NO 


RESTART 
PROCESSOR CLOCK 


NO 


(1) FETCH RESET VECTOR OR 
(2) SERVICE INTERRUPT 
A. STACK 


B. SET | BIT 
C. VECTOR TO INTERRUPT 
ROUTINE 





Figure 9. WAIT Function Flowchart 


NOTE 


The | bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 


COUNTER 


The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18-$19 (counter register) or 
$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1B) receives the count value at the time of the read. 
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Figure 10. Timer Block Diagram 


If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 


The counter alternate register differs from the counter 
register in one respect: a read of the counter register LSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
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by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 


NOTE 


Since the PLM system uses the timer counter, PLM 
results will be affected when resetting this counter. 


OUTPUT COMPARE REGISTERS 


There are two output compare registers: output com- 
pare register 1 (OCR1) and output compare register 2 
(OCR2). The output compare registers can be used for 
several purposes, such as controlling an output wave- 
form or indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the four bytes of the output compare registers 
can be used as storage locations. 


NOTE 


The same output compare interrupt enable bit is 
used for the two output compares. 


Output Compare Register 1 


The output compare register 1 (OCR1) is a 16-bit reg- 
ister, which is made up of two 8-bit registers at locations 
$16 (most significant byte) and $17 (least significant byte). 

The output compare register contents are continually 
compared with the contents of the free-running counter 
and, if a match is found, the corresponding output com- 
pare flag (OCF1, bit 6 of timer status register $13) is set, 
and the corresponding output level (OLVL1) bit is clocked 
to pin TCMP1. The output compare register values and 
the output level bit should be changed after each suc- 
cessful comparison to control an output waveform or 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare, provided the 
corresponding interrupt enable bit, OCIE, is set. 

After a processor write cycle to the output compare 
register 1 containing the most significant byte ($16), the 
output compare 1 function is inhibited until the least sig- 
nificant byte ($17) is also written. The user must write 
both bytes (locations) if the most significant byte is writ- 
ten first. A write made only to the least significant byte 
($17) will not inhibit the compare function. The free-run- 
ning counter is updated every four internal bus clock 
cycles. The minimum time required to update the output 
compare register 1 is a function of the program rather 
than the internal hardware. 

The processor can write to either byte of the output 
compare register 1 without affecting the other byte. The 
output level (OLVL1) bit is clocked to the corresponding 
output level register and then to the TCMP1 pin, regard- 
less of whether the output compare flag (OCF1) is set or 
clear. 


Output Compare Register 2 


The output compare register 2 (OCR2) is a 16-bit reg- 
ister, which is made up of two 8-bit registers at locations 


$1E (most significant byte) and $1F (least significant byte). 
The function of OCR2 is identical to OCR1, requiring only 
changes of the register locations and control bits in the 
timer status register ($13) to make the OCR1 description 
apply to OCR2. 


SOFTWARE FORCE COMPARE 


The MCU provides a force compare capability to facil- 
itate fixed frequency generation as well as other appli- 
cations. Bit 3 (FOLV1 for OCR1) and bit 4 (FOLV2 for OCR2) 
in the timer contro! register ($12) implement this force 
compare. Writing a one to these bits causes the OLVL1 
or OLVL2 values to be copied to the respective output 
registers (TCMP1 or TCMP2 pins). Internal logic allows a 
single instruction to change OLVL1 and OLVL2 and cause 
a forced compare with the new values of OLVL1 and 
OLVL2. 


NOTE 


A software force compare, which affects the cor- 
responding output pin TCMP1 or TCMP2, does not 
affect the compare flag; thus, it does not generate 
an interrupt. 


INPUT CAPTURE REGISTERS 


There are two input capture registers: input capture 
register 1 (ICR1) and input capture register 2 (ICR2). 


NOTE 
The same input capture interrupt enable bit (ICIE) 
is used for the two input capture registers. 


Input Capture Register 1 
Two 8-bit registers that make up the 16-bit input cap- 


‘ture register 1 (ICR1) are read-only and are used to latch 


the value of the free-running counter after the corre- 
sponding input capture edge detector senses a defined 
transition. The level transition that triggers the counter 
transfer is defined by the corresponding input edge bit 
(IEDG1). Reset does not affect the contents of the input 
capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal-bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transi- 
tion, regardless of whether the input capture flag (ICF1) 
is set or clear. The input capture register always contains 
the free-running counter value, which corresponds to the 
most recent input capture. . 

After a read of the input capture register 1 ($14) most 
significant byte, the counter transfer is inhibited until the 
least significant byte ($15) is also read. This characteristic 
causes the time used in the input capture software routine 
and its interaction with the main program to determine 
the minimum pulse period. 
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A read of the input capture register 1 least significant 
byte ($15) does not inhibit the free-running counter trans- 
fer since they occur on opposite edges of the internal bus 
clock. 


Input Capture Register 2 


The input capture register 2 (ICR2) is a 16-bit register 
that is composed of two 8-bit registers at locations $1C 
(most significant byte) and $1D (least significant byte). 
Input capture register 2 functions identically to input cap- 
ture register 1, except that only negative edge sensitivity 
is available. By substituting the appropriate bits in the 
timer status register ($13) and substituting register lo- 
cations, the ICR1 description applies to ICR2. 


TIMER CONTROL REGISTER (TCR) $12 


The TCR is an 8-bit read/write register, illustrated below 
with a definition of each bit. 


7 6 5 4 3 2 1 0 
ICIE OCIE | TOIE | FOLV2 | FOLV1 j OLVL2 | IEDG1 | OLVLI 


RESET: 
0 0 0 0 0 0 U 0 


ICIE — Input Capture Interrupt Enable 
1=Interrupt enabled 
0= Interrupt disabled 
OCIE — Output Compare Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
TOIE — Timer Overflow Interrupt Enable - 
1=Interrupt enabled . 
0=Interrupt disabled 
FOLV2 — Force Output Compare 2 
1= Forces the OLVL2 bit to the corresponding output 
latch 
O=No effect 
FOLV1 — Force Output Compare 1 
1= Forces the OLVL1 bit to the corresponding output 
latch | 
O=No effect - 
OLVL2 — Output Level 2 
1= The value of the output level 2 bit, which is copied 
to the output level latch by the next successful 
output compare 2, appears at TCMP2 
O=No effect 
IEDG1 — Input Edge One 
Value of input edge determines which level transition 
on TCAP1 pin will trigger free-running counter transfer 
to the input capture register. 
1= Positive edge 
0= Negative edge 
OLVL1 — Output Level One 
Value of output level, which is clocked into output level 
register by the next successful output compare 1, will 
appear on the TCMP pin. 
1=High output 
0=Low output 


TIMER STATUS REGISTER (TSR) $13 


The TSR is a read-only register containing three status 
flag bits. Bits 4-0 always read zero. 


7 6 5 4 3 2 1 0 
wre | oor | — | — | — 


RESET: 
U U U U U — _ — 


ICF1 — Input Capture Flag One 
1=Flag set when selected polarity edge is sensed by 
input capture edge detector 
0=Flag cleared when TSR and input capture 1 low 
register ($15) are accessed 
OCF1 — Output Capture Flag One 
1=Flag set when output compare register contents 
match the free-running counter contents 
0 =Flag cleared when TSR and output compare 1 low 
register ($17) are accessed 
TOF — Timer Overflow Flag 
1 =Flag set when free-running counter transition from 
$FFFF to $0000 occurs 
0=Flag cleared when TSR and counter low register 
($19) are accessed 
ICF2 — Input Capture Flag Two 
1 = Flag set when selected polarity edge is sensed by 
input capture 2 edge detector | 
O=Flag cleared when TSR and input capture 2 low 
register ($1D) are accessed 
OCF2 — Output Capture Flag Two 
1=Flag set when output compare register contents 
match the free-running counter contents 
0=Flag cleared when TSR and output compare low 
register 2 ($1F) are accessed 
Bits 0-2 — Not Used 
Can read either zero or one. 


TIMER DURING WAIT MODE 


The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 


TIMER DURING STOP MODE 


In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
reset is used, the counter is forced to $FFFC. During STOP, 
if at least one valid input capture edge occurs at the TCAP 
pin, the input capture detect circuit is armed. This does 
not set any timer flags or wake up the MCU, but when 
the MCU does wake up, there is an active input capture 
flag and data from the first valid edge that occurred dur- 
ing the STOP mode. If reset is used to exit STOP mode, 
then no input capture flag or data remains, even if a valid 
input capture edge occurred. 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 
A problem can occur when using the timer overflow func- 
tion and reading the free-running counter at random times 
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to measure an elapsed time. Without incorporating the 
proper precautions into software, the timer overflow flag 
could unintentionally be cleared if 1) the timer status 
register is read or written when TOF is set, and 2) the 
least significant byte of the free-running counter is read 
but not for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer over- 
flow flag in the timer status register. 


SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate prescaler. The 
terms baud and bit rate are used synonymously in the 
following description. 


SCI TWO-WIRE SYSTEM FEATURES 


@ Standard NRZ (mark/space) format 

e Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time 

e Full-duplex operation (simultaneous transmit and re- 
ceive) 

e Software programmable for one of 32 different baud 
rates 

e@ Different baud rates possible for transmit and receive 

@ Software-selectable word length (eight- or nine-bit 
words) 

@ Separate transmitter and receiver enable bits 

SCI may be interrupt driven 

Four separate interrupt conditions 


SCI RECEIVER FEATURES 


Receiver wake-up function (idle or address bit) 
Idle line detect 

Framing error detect 

Noise detect 

Overrun detect 

Receiver data register full flag 


IDLE LINE 


aAaAawmwruil™n 


*Stop bit is always high. 


SCI TRANSMITTER FEATURES 


e Transmit data register empty flag 
® Transmit complete flag 
e Break send 


Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 


DATA FORMAT 


Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the inpui pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 11. 


WAKE-UP FEATURE 


In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. . 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 


RECEIVE DATA IN 


Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 


CONTROL BIT “M” 
SELECTS 8 OR 9 BIT DATA 


ovreuiMNn 


Figure 11. Data Format 
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each sampled three times. The value of the bit is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. : 


START BIT DETECTION FOLLOWING A FRAMING ERROR 


lf there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF=1, FE=1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic one before start. 


SCI SYNCHRONOUS TRANSMISSION 


The SCI transmitter allows a one-way synchronous 
transmission, with the SCLK pin as the clock output. No 
clock is sent to the SCLK pin during the stop and start 
bits. The LCL bit (SSCR1) controls whether clocks are 
active during the last valid data bit (address mark). The 
CPOL bit selects clock polarity, and the CPHA bit selects 
the phase of the external clock. During idle, preamble, 
and send break, the external SCLK clock is not active. - 

These options allow the SCI to control serial periph- 
erals consisting of shift registers without losing any func- 
tion of the SCI transmitter. These options do not affect 
the SCI receiver, which is independent of the transmitter. 

The SCLK pin works in conjunction with the TDO pin. 
When the SCI transmitter is disabled, the SCLK and the 
TDO pins assume a high-impedance state. 


NOTE 


THE LBCL, CPOL and CPHA bits must be selected 
before the transmitter is enabled to ensure that the 
clocks function correctly. These bits should not be 
changed while the transmitter is enabled. 


TRANSMIT DATA OUT 


Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock (if the same baud rate is used for transmit and 
receive). . 


FUNCTIONAL DESCRIPTION 


A block diagram of the SCI is shown in Figure 12. The 
user has option bits in the serial communications control 
register 1 (SCCR1) to determine the SCI wake-up method 
and data word length. Serial communications control 


register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates for the transmitter and re- 
ceiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- 
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter- 
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 


REGISTERS 


There are five registers used in the SCi; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 


Serial Communications Data Register (SCDAT) $11 
The SCDAT is a read/write register used to receive and 


transmit SCI data. 


7 6 ) 4 3 2 1 0 


| seo7 | SCD6 |. SCD5 | SCD4 | SCD3 |; SCD2 | SCD1 | SCDO 





RESET: 
U U U U U U U U 


As shown in Figure 12, SCDAT functions as two sep- 
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
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provides the interface from the receive shift register to 
the internal data bus. 


Serial Communications Control Register 1 (SCCR1) $OE 


The SCCR1 provides control bits that determine word 
length, select the wake-up method, and control the op- 
tions to output the transmitter clocks for synchronous 
transmissions. 


7 6 5 4 


RESET: 
U U — U U U U U 


R8 — Receive Data Bit 8 - , 
R8 bit provides storage location for the ninth bit in the 
receive data byte (if M=1). 
T8 — Transmit Data Bit 8 
T8 bit provides storage location for the ninth bit in the 
transmit data byte (if M=1). 
M — SCI Character Word Length 
1=one start bit, nine data bits, one stop bit 
O=one start bit, eight data bits, one stop bit 
_ WAKE — Wake-Up Select | 
Wake bit selects the receiver wake-up method. 
1= Address bit (most significant bit) 
0=Idle line condition 
CPOL — Clock Polarity 
Selects the clock polarity sent to the SCLK pin. 
1= Steady state high outside the transmission win- 


3 2 1 0 
fe | re | — | om [ware] cron | cpaa | voce 








The CPOL bit should not be changed with the trans- 
mitter active. 


CPHA — Clock Phase 
Selects the clock phase sent to the SCLK pin. 
1=SCLK line activated at the beginning of the data 
bit | 
0=SCLK line activated in the middle of the data bit 
(see Figures 13 and 14) 


The CPHA bit should not be changed with the 
transmitter active. 


LBCL — Last Bit Clock 


Selects whether the clock associated with the last data 
bit transmitted is output to the SCLK pin. 


1=Last data bit output 
0= Last data bit not output 


The last data bit is the eighth or ninth bit, depend- 
ing on whether an 8- or 9-bit format is used (see 
Table 5). 


The LCBL bit should not be changed while the 
transmitter is enabled. 


Bit 5 — Not used. 
Can be either 1 or 0. 


Table 5. SCI Clock on SCLK Pin 


Data : s 


Number of 
Clocks on 
SCLK Pin 
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Figure 13. SCI Data Clock Timing Diagram (M=0) 
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Figure 14. SCI Data CLock Timing Diagram (M= 1) 


The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 


Receiver Wake-Up 


0 X Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag. 

1 0 Detection of a received one in the eighth 


data bit allows an RDRF flag and associated 
error flags. 
1 1 Detection of a received one in the ninth data 


bit allows an RDRF flag and associated error 


— if flags. | 

















Serial Communications Control Register 2 (SCCR2) $OF 


The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 


7 6 9 4 3 2 1 0 
TOI ue 


RESET: . 
0 0 0 0 0 0 0 0 


TIE — Transmit Interrupt Enable 
1=SCl interrupt enabled, provided TDRE is set 
O0=TDRE interrupt disabled 

TCIE — Transmit Complete Interrupt Enable 
1=SCl interrupt enabled, provided TC is set 
0=TC interrupt disabled 





RIE — Receive Interrupt Enable 
1=SCl interrupt enabled, provided OR or RDRF is set 
0=RDRF and OR interrupts disabled 
ILIE — Idle Line Interrupt Enable 
1=SCl interrupt enabled, provided IDLE is set 
0=Idle interrupt disabled 
TE — Transmit Enable 
1 = Transmit shift register output is applied to the TDO 
line, and the corresponding clocks are applied to 
the SCLK pin. Depending upon the SCCR1 M bit, 
a preamble of 10 (M=0) or 11 (M=1) consecutive 
ones is transmitted. 
0=Transmitter disabled after last byte is loaded in 
the SCDAT and TDRE is set. After last byte is 
transmitted, TDO line becomes a high-impedance 
line. 
RE — Receive Enable 
1=Receiver shift register input is applied to the RDI 
line. 
0=Receiver disabled and RDRF, IDLE, OR, NF, and 
FE status bits are inhibited. 
RWU — Receiver Wake-Up 
1= Places receiver in sleep mode and enables wake- 
up function 
0=Wake-up function disabled after receiving data 
word with MSB set (if WAKE = 1) 
Wake-up function also disabled after receiving 10 
(M=0) or 11 (M= 1) consecutive ones (if WAKE = 0) 
SBK — Send Break 
1 = Transmitter continually sends blocks of zeros (sets 
of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec- 
ognition of valid start bit. 
0=Transmitter sends 10 (M=0) or 11 (M=1) zeros 
then reverts to an idle state or continues sending 
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data. If transmitter is empty and idle, setting and 


- clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 


Serial Communications Status Register (SCSR) $10 


The SCSR provides inputs to the SCI interruptslogic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 


Tore | 16 _| DAF | OLE [TT Te 


RESET: 
Po Se 8G 0 0 ©6©=— 0 0. — 


TDRE — Transmit Data Register (TDR) Empty 
1= TDR contents transferred to the transmit data shift 
register 
0=TDR still contains data. TDRE is cleared by reading 
the SCSR, followed by a write to the TDR. 
TC — Transmit Complete 
1=Indicates end of data frame, preamble, or break 
condition has occurred if: 
1. TE=1, TDRE=1, and no pending data, pream- 
ble or break is to be transmitted; or 
2. TE=0 and the data preamble or break (in the 
transmit shift register) has been transmitted. 
0=TC bit cleared by reading the SCSR, followed by 
a write to the TDR: ~ 
The TC bit is a status register that indicates one of 
the above conditions has occurred. It does not in- 
hibit the transmitter in any way. 
RDRF — Receive Data Register (RDR) Full 
1= Receive data shift register contents transferred to 
the RDR 
0= Receive data shift register transfer did not occur. 
RDRF is cleared by reading the SCSR, followed 
‘by a read of the RDR 
IDLE — Idle Line Detect 
1=Indicates receiver has detected an idle line 
0=IDLE is cleared by reading the SCSR, followed by 
a read of the RDR. Once IDLE is cleared, IDLE 
cannot be set until RDI line becomes active and 
idle again. 
OR — Overrun Error 
1=Indicates receive data shift register data is ready 
to be sent to a full RDR (RDRF=1). Data causing 
the overrun is lost, and RDR data is not disturbed. 
0=OR is cleared by reading the SCSR, followed by 
a read of the RDR. 
NF — Noise Flag 
1=Indicates noise is present on the receive bits, in- 
cluding the start and stop bits. NF is not set until 
RDRF = 1. 
O=NF is cleared by reading the eon followed by 
a read of the RDR. 
FE. — Framing Error 
1=Indicates stop bit not detected in received data 
character. FE’ is set the same time RDRF is set. If 
received byte causes both framing and overrun 


errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib- 
‘ited until FE is cleared. 
O=FE is cleared by reading the SCSR, followed by a 
read of the RDR. 
Bit O — Not used 
Can read either one or zero 


Baud Rate Register $0D — 


The baud rate register selects the SCI transmitter and 
receiver baud rate. The SCPO and SCP1 prescaler bits are 
used in conjunction with the SCR2-SCR0 bits to generate 
the receiver baud rate and in conjunction with the 
SCT2-SCTO baud rate bits to generate the transmitter 
baud rate. 

Tables 6 and 7 tabulate the divide chain used to obtain 


the baud rate clock (transmit or receive clock). The actual 


divider chain is controlled by the combined SCP1—SCP0 
and SCR2-SCRO or SCT2-—SCRO bits in the baud rate reg- 
ister. The divided frequencies shown in Table 6 represent 
the final baud rate that results from prescaler clock di- 
vision only (SCR or SCT bits all zero). Table 7 lists the 
prescaler output frequency divided by the action of the 
SCR or SCT bits. 

For example, assume that a 9600-Hz baud rate is de- 
sired from a 2.4576-MHz system clock crytal. The pres- 
caler bits could be set for either a divide-by-one or divide- 
by-four. If a divide-by-four prescaler is used, then the SCR 
and SCT bits must be set for divide-by-two. The same 
result, using the same crystal frequency, can be obtained 
with a prescaler divide-by-one and SCR and SCT bit di- 
vide-by-eight. 





j 6 5 4 3 2 1 0 
SCP1 | SCPO | SCT2 | SCT1 | SCTO | -scra | scar | scro | SCR1 | SCRO 
RESET: 
0 0 U U U U U U 


SCP1-SCPO — SCI Prescaler Bit 1 and 0 
These two prescaler bits are used to increase the 
range of standard baud rates controlled by the 
SCT2-SCTO and SCR2-SCRO bits. Prescaler internal 
processor clock division versus bit levels are shown 
in Table 6. 

SCT2-SCTO — SCI Transmit Baud Rate Selection Bits 
These three bits, taken in conjunction with bits 
SCP1—SCP0, are used to select the SCI transmit baud 

- rate. Baud rates versus bit levels are listed in Table 
7. 

SCR2-SCRO — SCI Recieve Baud Rate Selection Bits 
These three bits, taken in conjunction with ‘bits 
SCP1-SCPO0O, are used to select the SCI receive baud 
rate. Baud rates versus bit levels are listed in Table 
7. 


Load Program in RAM and Execute | 
This function is entered if the following conditions are 


meta when reset Is released: 


IRO is at Vpp +4 V for at least two machine cycles after 
reset 
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Table 6. Prescaler Highest Baud Rate Frequency Output 





Clock* 
Divided By 4.194304 


1 
3 
4 
13 


*Refers to the internal processor clock. 







10.082 kHz 





131.072 kHz 125.000 kHz 76.80 kHz 62.50 kHz 57.60 kHz 
43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz 
32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz 


9600 Hz 







Crystal Frequency MHz 


























5.907 kHz 4800 Hz 4430 Hz 


NOTE: The divided frequencies shown in Table 6 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 


Table 7. Transmit Baud Rate Output for a Given Prescaler Output 


Tile] 





131.072 kHz 


131.072 kHz 
65.536 kHz 
32.768 kHz 
16.384 kHz 





8.192 kHz 
4.096 kHz 
2.048 kHz 
1.024 kHz 


= -OC0—-=00 
=-O-0-0-0 





Representative Highest Prescaler Baud Rate Output 






32.768 kHz 
16.384 kHz 
8.192 kHz 
4.096 kHz 
2.048 kHz 
1.024 kHz 
512 Hz 
256 Hz 


19.20 kHz 9600 Hz 
76.80 kHz 19.20 kHz 9600 Hz 

38.40 kHz 9600 Hz 4800 Hz 

19.20 kHz 4800 Hz 2400 Hz 

9600 Hz 2400 Hz 1200 Hz 

4800 Hz 1200 Hz 600 Hz 

2400 Hz 600 Hz 300 Hz 

1200 Hz 300 Hz 150 Hz 

600 Hz 150 Hz 75 Hz 








NOTE: Table 7 illustrates how the SCI select bits can be used to provide lower transmitter or receiver baud rates by further dividing 
the prescaler output frequency. The five examples are only representative samples. In all cases, the baud rates shown are 
transmit baud rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 


TCAP1 is at Vpp for at least two machine cycles after 
reset 

PD3 is at Vpp for at least 30 machine cycles after reset 

PD4 is at VSs for at least 30 machine cycles after reset 

User programs are loaded into RAM using the SCI port 
and then executed. Data is loaded sequentially, starting 
at RAM location $50, until the last byte is loaded. Program 
control is then transferred to the RAM progam starting 
at location $51. The first byte loaded is the count of the 
number of bytes in the program plus the count byte. The 
program starts at the second byte in the RAM. During 
firmware initialization, the SCI is configured for the NRZ 
format (idle line, eight data bits, and stop bit). The baud 
rate is 9600 with a 4-MHz crystal. Figure 15 shows a sche- 
matic for the load program in RAM and execute function. 

Immediate execution can be avoided by setting the 
byte count to a value greater than the length of data 
loaded, which causes the firmware to wait for additional 
data after loading is complete. Resetting the MCU then 
allows entering any routine without disturbing the RAM 
data that was loaded. 


Jump to Any Address 


This function is entered if the following conditions are 
met when reset is released: 
IRO is at Vpp + 4 V for at least two machine cycles after 
reset 
TCAP1 is at Vpp for at least two machine cycles after 
reset 


PD3 is at Vpp for at least 30 machine cycles after reset 

PD4 is at Vpp for at least 30 machine cycles after reset 

To execute the jump to any address function, port A 
data input should be $CC, and port B and C should be 
the MSB and LSB, respectively, of the address desired 
for the jump. Figure 16 shows a schematic for the jump 
function. 


PULSE-LENGTH D/A CONVERTERS 


The pulse-length D/A converter (PLM) works in con- 
junction with the timer to execute two 8-bit conversions 
with a choice of two repetition rates. The outputs are 
pulse-length modulated signals whose duty-cycle ratio 
may be modified. These signals can be used directly as 
PLMS, or the filtered average values can be used as gen- 
eral-purpose analog outputs. 

Registers PLMA and PLMB contain the pulse-length 
values for the two PLMs. A value of $00 results in a con- 
tinuously low output from the D/A. A value of $80 results 
in a 50-percent duty-cycle output, and a value of $FF gives 
an output that is a logic 1 for 255/256 of the cycle. When 
the MCU writes to the PLMA or PLMB register, the D/A 
picks up the new value at the end of a complete conver- 
sion cycle so that a monotonic change in the dc com- 
ponent of the output results. This monotonic change 
avoids overshoots or vicious starts (a vicious start is an 
output that gives totally erroneous output during the first 
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NOTE: Pin numbers are valid for 52-pin PLCC package only. 


Figure 15. Load Program in RAM and Execute Diagram 
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NOTE: Pin numbers are valid for 52-Pin PLCC Package only. 


Figure 16. Jump to Any Address Diagram. 
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cycle following an update of the registers). WAIT mode 
does not affect the output waveform of the D/A convert- 
ers. 


NOTE 


Since the PLM system uses the timer counter, PLM 
results will be affected while resetting the timer 
counter. : 


Figure 17 shows a block diagram of the PLM system. 


Miscellaneous (0C) 

7 6 5 4 3 2 1 0 
Sea esate 
RESET: 7 

zie — = =x 0 0 am _ 


SFA — Slow/Fast Control for PLMA Clock 
1 = Slow speed of PLMA used (4096 times the timer 
clock period) 
0=Fast speed of PLMA used (256 times the timer 
clock period) 


SFB — Slow/Fast Control for PLMB Clock 


1=Slow speed of PLMB used (4096 times the timer 
clock period) 

0=Fast speed of PLMB used (256 times the timer 
clock period) | 


; 


NOTE 


The highest speed of the PLM system corresponds 
to the frequency of the TOF bit being set, multiplied 
by 256. The slowest speed of the PLM system cor- 
responds to the frequency of the TOF bit being set, 
multipled by 16. : 


DATA BUS 


PLMA (0A) 
7 6 5 4 3 2 1 0 
PLMA7 | PLMAG | PLMAS | PLMA4 | PLMA3 | PLMA2 | PLMA1 | PLMAQ 
RESET: . 
0 0 0 0 0 0 0 0 
PLMB (0B) | 
7 6 5 4 a4. 9 1 0 
PLMB7 | PLMB6 | PLMBS5 | PLMB4 | PLMB3 | PLMB2 | PLMB1 | PLMBO 
RESET: 
0 0 0 0 0 0 0 0 
PLMA R 
D/A LATCH 
PIN S 


ZERO 
DETECTOR 
FSA 
BIT 





R PLMB 
LATCH D/A 
S PIN 


ZERO 
DETECTOR 
FSB 
BIT 


TIMER BUS 
FROM TIMER 


Figure 17. PLM Block Diagram 
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The SFA and SFB bits are not double buffered; there- 
fore, these bits must be selected before writing to either 
PLM register to avoid temporary wrong values from the 
PLM outputs. Figure 18 shows some examples of the PLM 
Output waveforms. 


A/D CONVERTER 


The A/D converter system consists of an 8-bit succes- 
sive approximation converter and a 16-channel multi- 
plexer. Eight of the channels are available for output, and 
the other eight channels are dedicated to internal test 
functions. There is one 8-bit result data register (address 
$08) and one 8-bit status/control register (address $09). 


NOTE 
In the 48-pin dual-in-line package, the fixed input 
port (D) of the MC68HC05B4 is reduced to six pins 
(PD5-PDO, AN5-ANO). This change has not effect 
on either programming or operating of port D or 
the A/D converter. 


The reference supply for the converter uses dedicated 
input pins instead of the power supply lines, because 
drops caused by loading in the power supply lines would 
degrade the accuracy of the A/D conversion. An internal 
RC oscillator is available if the bus speed is low enough 
to degrade the A/D accuracy. An ADON bit allows the A/ 
D to be switched off to reduce power consumption, which 
is particularly useful in the WAIT mode. 

For ratiometric conversions, the source of each analog 
input should use VRH as the supply voltage and be ref- 
erenced to Vp,. An input voltage greater than or equal 
to VRH converts as $FF (full scale) with no overflow in- 
dication. An input voltage equal to VRL converts as $00. 
The conversion is monotonic with no missing codes. 


A/D STATUS/CONTROL REGISTER ($09) 





COCO — Conversion Complete 
1 = Conversion is complete; a new result can be read 
from the result data register ($08). 
0=No conversion since last reset 
ADRC — A/D RC Oscillator Control 
1= A/D uses RC clock 
0 = A/D uses CPU clock 
When the RC oscillator is turned on, it requires a 
time tadrc to stabilize, and results can be inaccur- 
ate during this time. 
ADON — A/D On 
1 =A/D enabied 
0=A/D disabled 
When the A/D is turned on, it requires a time taDON 
for the current sources to stabilize, and results can 
be inaccurate during this time. 
CH3-CHO — Channel 3 through Channel 0 
These bits select the A/D channel assignment (see 
Table 8). 


NOTE 


Using one or more pins of PD7/AN7—PDO/ANO as 
analog inputs does not affect the ability to use port 
D inputs as digital inputs. However, using port D 
for digital inputs during an analog conversion se- 
quence may inject noise on the analog inputs and 
reduce the accuracy of the A/D result. 

Performing a digital read of port D with levels 
other than Vpp or Vss on the Inputs causes greater 
than normal power dissipation during the read and 
may give erroneous results. 


INSTRUCTION SET 


The MCU instruction set can be divided into five dif- 
ferent types: register/memory, read-modify-write, branch, 
bit manipulation, and control. The following paragraphs 
briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 


J 6 5 4 3 2 1 0 
Coco | ADRC | ADON 0 CH3 CH2 
RESET: 

0 0 0 0 0 0 0 0 

$00 

| 

| 255 T 
$01 {7 

| 
$80 “1281 


T= 4CPU Clocks Fast Mode 
T=64 CPU Clocks Slow Mode 


Figure 18. PLM Output Waveform Examples 
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Table 8. A/D Channel Assignments 


Channel Selected 


IANO, Port D Bit 0 
AN1, Port D Bit 1 
AN2, Port D Bit 2 
AN3, Port D Bit 3 


AN4, Port D Bit 4 
AN5, Port D Bit 5 
ANG, Port D Bit 6 
AN7, Port D Bit 7 


Vey Pin (High) 
((VRH) + (VRL))/2 
VRL Pin (Low) 
VRL Pin (Low) 


H2 | CH1 | CHO. 




















Vat Pin (Low) 
VR Pin (Low) 
Vez Pin (Low) 
Vet Pin (Low) 


oO 
Se ee eS eS Rep eae eS -ooonodcd!| ooo ,|,rz 
: w 





multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is. stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 











Operation X:A@XxA 

Description | Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 

Condition H: Cleared 

Codes 1: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 

Source 

Form(s) ees, 

Addressing 

| Inherent 1 $42 





REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 


aa Mnemonic 
Load A from Memory a 


Load X from Memory 





Store A in Memory - STA 
Store X in Memory STX 
Add Memory to A ADD 
Add Memory and Carry to A ADC 















are en 
Tn aa 1 a 
AND MemoytoA SAND 
[onMemen wine OR 

eon | 


Arithmetic Compare A with Memory | CMP 
Arithmetic oEnae X with eeuee CPX 
tartans Nogales [at 
[Jump Unconditional MP 






BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 










Function 





Branch Always 








Branch Never 
Branch if Higher 





























































Branch if Lower or Same BLS 
Branch if Carry Clear BCC 
Branch if Higher or Same 
Branch if Lower BLO 
Branch if Not Equal BNE 
Branch if Equal BEQ 
Branch if Half Carry Clear ~ af BHCC 
Branch if Half Carry Set miles BHCS ] 
Branch if Plus — BPL 
| Branch if Minus BMI 
Branch if Interrupt Mask Bit is Clear BMC 
ae if =e Mask Bit is Set —j BMS 
; + 
Branch if Interrupt Line is Low BIL 
‘Branch if Interrupt Line is High BIH 
Branch to Subroutine BSR 











BIT MANIPULATION INSTRUCTIONS 


The MCU ts capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
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the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 








cc 








Mnemonic 
BRSET n(n 0... 7) 
BRCLRn(n 0O...7) 
BSET. nh: O«.7) 
BCLR n(n 0...7) 


Function 








Branch if Bit n is Set 





Branch if Bit n is Clear 





Set Bit n 


= a 


Clear Bit n 














READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 




























































Function Mnemonic 

Increment INC 
Decrement | DEC | 
Clear | CLR 
Complement COM 

Negate (Twos Complement) | NEG 

F arate Left Thru Carry ROL 
Rotate Right Thru Carry ROR 
Logical Shift Left 

 hogieal Shift Right 

| Arithmetic Shift Right 
Test for Negative or Zero 

| Multiply 








CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 








Function | Mnemonic 
Transfer A to X TAX 
Transfer X toA TXA 
Set Carry Bit SEC 
Clear Carry Bit | CLC 
Set Interrupt Mask Bit SEl 





Clear Interrupt Mask Bit 


ep) 


ES 


4 


WwW 
T 
Return from Interrupt R 


Reset Stack Pointer RSP 


Software Interrupt 


aD 
ep) 


Return from Subroutine 





Function 


Mnemonic 


No-Operation 





Stop 
Wait 





OPCODE MAP SUMMARY 


Table 9 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode ts used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an Instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
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3 


REL 


ae 
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Table 9. Opcode Map 


IX 
6 7 
0110 0111 
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5 5 3 
ono |, BRSET3 | BSET3 ROR RORX 
BIBi2 BSC} 2 REL|2 DIR} 1 INH IX1}1 
3 5 
a, | BRCLR3 | BCLR3 BEO ASR ASRA ASRX ASR 
BIBI2 BSC} 2 REL{2 DIR}1 INH 1X1} 
5 3 5 
eee BRSET4 | BSETA BHCC LSL LSLA LSLX LSL 
BIB] 2 BSC] 2 REL}2 DIR} 1 INH 1X1] 1 
3 5 3 
o, | ercirs | ecira BHCS ROL ROLA ROLX ROL 
BTBi2 BSC]2 REL|2 DIR} 1 INH] 1 NH iXi]d 
A 5 3 5 3 3 6 
nae BRSETS | BSETS BPL DEC DECA DECX DEC DEC 
BTB|2 BSC] 2 REL{2 DIR} 1 INH} 1 NH Ixia 
B 5 3 
coe BRCLR5 BCLRS5 BMI. 
BIB/]2 BSC] 2 REL 
C 5 3 6 
ae BMC INC INC 
REL IX1f 1 
D 3 i 
Ros BMS TST TST 
REL|2 IX1}1 
E 3 
BIL 
1110 REL 
F 3 5 3 6 
ae BIH CLR CLRA CLRX CLR CLR 
REL] 2 DIR} 1 INH} 1 INH IX111 
Abbreviations for Address Modes 
INH Inherent REL Relative 
A Accumulator BSC Bit Set Clear 
X Index Register BTB Bit Test and Branch 
IMM = Immediate IX Indexed (No Offset) 
DIR Direct 1X1 indexed, 1 Byte (8-Bit) Offset 
EXT Extended IX2 Indexed, 2 Byte (16-Bit) Offset 


Opcode in Hexadecimal 


Mnemonic Opcode in Binary 





Address Mode 


MC68HC05B4 


to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
(S1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 


instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
i/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode Is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from —125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS 





MAXIMUM RATINGS (Voltages referenced to Vss) 
Rating 


[ Symbol 


Value 


























Operating Temperature Range TA 
MC68HCOS5B4P, FN (Standard) 
MC68HCO5B4CP, CFN (Extended) 
MC68HCO5B4MP, MFN (Automotive) 


TL to Ty 
0 to +70 





Storage Temperature Range 


-_— 
Supply Voltage Vpp -0.5 to +7.0 
Input Voltage Vin Vss —0.5 to 





Vpp +0.5 
Self-Check Mode (IRQ Pin Only) Vin Vsg-—0.5 to 
t 2xVpp+0.5 
Current Drain Per Pin Excluding | 25 
Lo Vpp and Vss 


-40 to +85 
—40 to +125 





Unit This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
V mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that Vin and Voyt be 
constrained to the range Vss = (Vin or Vout) = 
mA Vpp. Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e.g., either Vss or Vpp). 
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THERMAL CHARACTERISTICS 


_ Characteristic 7 


Thermal Resistance 
Plastic 
Plastic Leaded Chip Carrier (PLCC) 








POWER CONSIDERATIONS | 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat (Pp + 8a) (1) 
where: | 
Ta = Ambient Temperature, °C 
OA = Package Thermal Resistance, 
| Junction-to-Ambient, °C/W 
PD = Pintt Pio 
Pint =!ccxVecc, Watts — Chip Internal Power 
Pio = Power Dissipation on Input and Output 
| Pins — User Determined 
Vpp =4.5 V 














PA7-PAO, 3.26 kQ | 2.38 kD 50 oF 
PB7-PBO, 

PC7-PCO, 

TCMP1 

TCMP2 


TDO, SCLK, | 19k | 2.26kQ | 200 pF 
PLMA, PLMB | | 






PA7—PAO, 10.91 kM | 6.32 kO 50 pF 
PB7-PBO, 

PC7—PCO, 

TCMP1, 

TCMP2 


TDO, SCLK, 6 kQ 6 kQ 200 pF 
| PLMA, PLMB | 


[symbol] Value | Unit_| 


For most applications P);Q<Pijj7 and can be neglected. 
The following is an approximate relationship between 


Pp and Ty (if Pig is neglected): 
Pp =K+(Ty+ 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp * (Ta + 273°C) + Hy arPp? (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ty. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty. 


Vob 
-— R2 
(SEE TABLE) 
TEST 
POINT 
C R1 | 
(SEE (SEE TABLE) 
TABLE) 


Figure 19. Equivalent Test Load 
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DC ELECTRICAL CHARACTERISTICS (Vpp = 5.0 Vdc + 10%, Vss = 0 Vdc, Ta- T, to Ty, unless otherwise noted) 


a 
Characteristic 













Output Voltage, IL gaq” 10.0 pA 








Output High Voltage 
(ILoad 0.8 mA) PA7-PAO, PB7-PBO, PC7—PCO, TCMP1, TCMP2 
(Load 1.6 mA) TDO, SCLK, PLMA, PLMB 


Output Low Voltage 
(IL oad - 1.6 mA) PA7—PAO, PB7-PBO, PC7-PC0O, TCMP1, TCMP2, 
PLMA, PLMB, TDO, SCLK 
RESET 


Input High Voltage — VIH 0.7xVpp — | VDD V 
PA7—PAO, PB7-—PBO, PC7-PCO, PD7—PDO, TCAP1, TCAP2, IRQ, | 
RESET, OSC1, RDI 























Input Low Voltage aoe VIL Vss _ 0.2 Vpp Vv 
PA7-—PAO, PB7-PBO, PC7—PCO, PD7—PDO, TCAP1, TCAP2, IRQ, : 
RESET, OSC1, RDI 








Supply Current (see Notes) 








RUN (SM =0) 

RUN (SM = 1, teye = 8 ps) 
WAIT (SM = 0) 

WAIT (SM~1, toy 8 us) 
STOP 


0 to 70 (Standard) 
-- 40 to 85 (Extended) 
~ 40 to 125 (Automotive) 








''O Ports Hi-Z Leakage Current 
PA7-—PAO, PB7—PBO, PC7—PCO, TDO, RESET, SCLK 


Input Current 
IRO, TCAP1, TCAP2, OSC1, RDI 
PD7/AN7-PDO/ANO (A/D off) 
PD7/AN7-PDO/ANO (A/D on) 


Capacitance 
Ports (as Input or Output), RESET 
TDO, SCLK 
IRQ, TCAP1, TCAP2, OSC1, RDI 
PD7/AN7-—PDO/ANO (A/D off) 
PD7/AN7-PDO/ANO (A/D on) 














NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait Ipp: Only timer system active (TE =RE=0). If SCI active (TE= RE = 1) add 10% current draw. 
4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fggc =4.0 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, CL =20 pF on OSC2. 
5. Wait, Stop Ipp: All ports configured as inputs, Vit =0.2 V, Viy=Vpp — 0.2 V. 
6. Wait Ipp is affected linearly by the OSC2 capacitance. 


TBD = To be decided. 
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DC ELECTRICAL CHARACTERISTICS (Vpp = 3.3 Vdc + 10%, Vsg =0 Vde, Ta = Tne to Ty, unless otherwise noted) 










Characteristic 






Output High Voltage 
(ILoad =0.2 mA) PA7-PAO, PB7-PBO, PC7-PCO, TCMP1, TCMP2 
(ILoad = 0.4 mA) TDO, SCLK, PLMA, PLMB 


Output Low Voitage 

(ILoad = 0.4 mA) PA7-PAO, PB7-PBO, PC7-PC7, TCMP1, TCMP2, 
PLMA, PLMB, TDO, SCLK 

RESET 


Input High Voltage 
PA7—PAO, PB7-PBO, PC7-PCO, PD7-PDO, TCAP1, TCAP2, IRQ, 
RESET, OSC1, RDI a 


Input Low Voltage 
PA7—PAO, PB7—PBO, PC7—PCO, PD7-PDO, CTCAPI, TCAP2, IRQ, 
RESET, OSC1, RDI 


Supply Current (see Notes) 
RUN (SM =0) 
RUN (SM = 1, teyc = 8 ws) 
WAIT (SM = 0) 
WAIT (SM=1, teyc =8 ps) 
STOP 
0 to 70 (Standard) 
— 40 to 85 (Extended) 
~40 to 125 (Automotive) 


/O Ports Hi-Z Leakage Current 
PA7-—PAO, PB7-PBO, PC7-PCO, TDO, RESET, SCLK 


Input Current 
IRQ, TCAP1, TCAP2, OSC1, RDI 

PD7/AN7-PDO/ANO (A/D off) 

PD7/AN7-PDO/ANO (A/D on) 


Capacitance 
Ports (as Input or Output), RESET, TDO 
TDO, SCLK 
IRQ, TCAP1, TCAP2, OSC1, RDI 

PD7/AN7-PDO/ANO (A/D off) 

PD7/AN7-PDO/ANO (A/D on) 



























































TBD 


NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait Ipp: Only timer system active (TE =RE=0). If SCI active (TE=RE=1) add 10% current draw. 
4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fogc¢ =4.0 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, C, = 20 pF on OSC2. . 
5. Wait, Stop Ipp: All ports configured as inputs, Vip =0.2 V, ViH=Vpp — 0.2 V. 
6. Wait Ipp is affected linearly by the OSC2 capacitance. 


TBD = To be decided. 
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A/D CONVERTER CHARACTERISTICS (Vpp =5.0 Vdc + 10%, Vgg =0 Vdc) 


Resolution Number of bits resolved by the A/D 


@ 
= 


< i+ 
Tr — 








Non-Linearity Maximum deviation from the best straight line through the — a Wo LSB 


A/D transfer characteristics (VRH =Vpp and VR; =0 V) 
a5 LSB 
LSB 


Quantization Error Uncertainty due to converter resolution — 


Absolute Accuracy Difference between the actual input voltage and the full-scale 
equivalent of the binary code output code for all errors 








Conversion Range Analog input voltage range VRL R 
VRH Maximum analog reference voltage VRL Vpp+ 0.1 V 
VRL Minimum analog reference voltage Vss—0.1 VRH 
Conversion Time Total time to perform a single analog-to-digital conversion 

a. External Clock (XTAL, EXTAL) 32 teye 

b. Internal RC oscillator 32 LS 
Monotonicity Conversion result never decreases with an increase in input Guaranteed 


voltage and has no missing codes 


Hex 


Zero-Input Reading Conversion result when Vin = VRL 





Full-Scale Reading Conversion result when Vin =VRH FF ex 
Sample Acquisition Time Analog input acquisition sampling 
(see Note 1) a. External Clock (XTAL, EXTAL) teyc 





b. Internal RC oscillator — 





Sample/Hold Capacitance Input capacitance on PD7/AN7-—PD0/ANO = 


Input Leakage Input leakage on A/D pins PD7/AN7—PDO/ANO, Vri, VRH = 
(see Note 2) am 


NOTES: 
1. Source impedances greater than 10K ohm will adversely affect internal RC charging time during input sampling. 
2. The external system error caused by input leakage current is approximately equal ‘to the product of R source and input current. 


pF 


ras 
RO 





DN 
” 


= 
> 
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CONTROL TIMING (Vpp =5.0 Vdc+ 10%, Vgg=0 Vdc, Ta=T_ to Ty) 


Characteristic 


NN |RA 
— —2 NO NO 


Frequency of Operation fosc MHz 
Crystal Option . | 
External Clock Option c 

MHz 


Internal Operating Frequency 
- Crystal (fos¢/2) 
External Clock (fgsc/2) . 


Cycle Time (see Figure 21) 480 
1.5 








100 
100 


ms 


fop: 

Crystal Oscillator Startup Time (see Figure 21) | / tOxOV 
Stop Recovery Startup Time (Crystal Oscillator) tILCH 

External RESET Input Pulse Width (see Figure 21) 


Power-On RESET Output Pulse Width ; tPORL 
4064 Cycle Option 
16 Cycle Option 


teyc 





4064 


— 
(oy) 





g oS 
rs) re) n” 


Watchdog RESET Output Pulse Width tDOGL 135 
Watchdog Time-Out . 6144 7168 teyc 








Timer 

Resolution** 

Input Capture Pulse Width (see Figure 20) 
Input Capture Pulse Period (see Figure 20) 


Interrupt Pulse Width (Edge-Triggered) | tILIH 125 
* 


Interrupt Pulse Period | ULIL 
OSC1 Pulse Width tOH, tOL 


tcyc 


— 


KK 





ona Comal 
po Be A) 3 °[(°2 5s 
= os # 








S 
NOTES: 
*The minimum period tj |, should not be less than the number of cycle times it takes to execute the interrupt service routine 
plus 21 teyc. . 


**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the 
timer resolution. | 
***The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 toyc. 


t 

EXTERNAL nn — —| i — > a | 
SIGNAL 

(TCAPI, 


TCAP2) 


Figure 20. Timer Relationship 
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CONTROL TIMING (Vpp =3.3 Vdc+ 10%, Vss =0 Vdc, Ta=TL to Ty) 









Characteristic Symbol 


Crystal (fosc/2) 
External Clock (fos¢/2) 


eee ee a AE 


Power-On RESET Output Pulse Width ‘PORL 


4064 Cycle Option 
16 Cycle Option 
tDOGL 














Frequency of Operation 
Crystal Option 
External Clock Option 








Q 
fo) 

£ 
NO 


| 
(>) 
NO NO 






Internal Operating Frequency 












Watchdog RESET Otuput Pulse Width 
Watchdog Time-Out 














Timer 

Resolution** 

Input Capture Pulse Width (see Figure 20) 
Input Capture Pulse Period (see Figure 20) 





Interrupt Pulse Width (Edge-Triggered) 
Interrupt Pulse Period 
OSC1 Pulse Width 


NOTES: 


*The minimum period tiLj_ should not be less than the number of cycle times it takes to execute the interrupt service routine 
plus 21 teyc. 
**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 toy. 


Tope 
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'VDDR . 
| ; 
| ue 
Vop ‘Vpp THRESHOLD (1-2 V TYPICAL) et 
{ 


SE MUNULILLELEL I I 





INTERNAL 
PROCESSOR 
CLOCK* 


INTERNAL 
ADDRESS 
BUS* . 
ssrA cy fa ae * = = = & { ro @ 4 
BUS* CODE | ) CODE 
tRL | 


*Internal timing signal and bus information not available externally. 
**QSCi line is not meant to represent frequency. It is only used to represent time. 
***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 














Figure 21. Power-On Reset and RESET 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MS™-DOS/PC-DOS disk file (360K) 
EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, asales person, 
or a Motorola representative. 


FLEXIBLE DISKS 

A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer’s program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola’s 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


EPROMs 


A 2764, 68764, or 68766 type EPROM, programmed 
with the customer’s program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par- 
agraphs. 

For an MC68HC805B6 MCU start the page zero, user 
ROM at EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0800 through $1EFF with 
vectors from $1FFO to $1FFF. All unused bytes, including 
the user's space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 


MS is a trademark of Microsoft, Inc. 





xxx = Customer |D 


Verification Media 


All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HCO5B4 device. 


Package Type MC Order Number 


Plastic 0°C to +70°C 
(P Suffix) 


MC68HCO5B4P 
MC68HCO5B4CP 
MC68HCO5B4MP 


—40°C to +85°C 
— 40°C to + 125°C 


PLCC 0°C to + 70°C MC68HCO5B4FN 
(FN Suffix) —40°C to +85°C | MC68HCO5B4CFN 
—40°C to + 125°C | MC68HCO5B4MFN 


IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 


MC68HC05B4 


52-Pin PLCC 


J PD5/AN5 
J PD6/AN6 
3 PD7/AN7 


~B VR 


ol 
NO 
> 














Sp PC2/ECLK 





VRH PC3 
PD4/AN4 PC4 
VpD PC5 
PD3/AN3 PC6 
PD2/AN2 PC7 
PD1/AN1 Vss 
PDO/ANO NC 
NC PBO 
OSC1 PBI 
Osc2 PB2 
RESET PB3 
IRQ PB4 
PLMA D/A PB5 


INO 


Pema men eG Ma Re wees eg wee we ee ee 
qer- nnmrowouodtnann- on wo 
~Qaaoaodteaddaedaedadtiedada qamam 
Odqdaandaadaaaa 
aPeP 

= 

— 

a. 


48-Pin Dual-in-Line Package 


PC5 
PC6 


TOOC) 1 48 [ SCLK 
TCMP2 CY 2 RD! 
TCMP1 CY 3 PCO 

PDS/AN5 C4 4 PCI 
Vr, C5 PC2/ECLK 
VRH J 6 PC3 
PD4/AN4 Cj 7 PC4 
8 
9 


PD3/AN3 (J 


PD2/AN? PC7 
PDI/AN1 Vss 
PDO/ANO INC 

osc | PBO 
osc2 PBI 
RESET PB2 

iRo PB3 

PLMA D/A PB4 

PLMB D/A PBS 

TCAPI PB6 
TCAP2 PB7 
PAT PAO 
PAG PAI 
PAS PA2 
PAA PA3 
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TECHNICAL DATA MC68HC05B6 


Technical Summary 
8-Bit Microcontroller Unit 


The MC68HCO5B6 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of microcontrollers. 
This high-performance, low-power MCU has parallel I/O capability with pins programmable as input or output. This 
publication contains condensed information on the MCU; for more detailed information, contact your local Motorola 
sales office. 

The following block diagram depicts the hardware features; additional features available on the MCU are shown 
below and at the top of page 2. 

@ On-Chip Oscillator with Crystal/Ceramic Resonator 
@ Memory-Mapped |/O 

@e 176 Bytes of On-Chip RAM 

e@ 256 Bytes of On-Chip EEPROM 


BLOCK DIAGRAM 





PLMADA 
PLMB DA 
TCAP} 
TCAP2 
TCMP1 
TCMP2 
iRQ 
RESET 


OSCILLATOR 0SC1 
PLM SYSTEM TIMER SYSTEM WATCHDOG SYSTEM AND 
i [ DIVIDER BY 2/32 0SC2 


INTERNAL PROCESSOR CLOCK 








PBO PCO 
ACCUMULATOR PCI 
PBI CPU 
porTB PB2 PORT | DATA a a CONTROL DATA | PORT PCZIECLK 
vouNes 83 B | oR INDEX pir. | C pCa PORT C 
! PBS REG REG. 8 REGISTER xX REG. | REG. pcs 1/0 LINES 
PB6 PCE 
PB? CONDITION CODE PCT 
, REGISTER 
| PDO/ANO 
POINTER POvAN 
PAO 8 3 eae ras PD2/AN2 
PAI PD3/AN3 
PA2 PROGRAM COUNTER cc PD4/AN4 
PORTA PAB iL beet HIGH aan PDS/ANS 
A | OIR. 5 PCH og | 
VO LINE —PA4 = PD6/AN6 
PAS HESS HES: z | PD7/AN7 
PAG PROGRAM COUNTER ane 
PA? 8 LOW PCL VRH 
: VRL 
USER ROM EEPROMI STATIC RAM RO! 
5952 x 8 176 x8 SCI SYSTEM SCLK 
T00 
SELF-CHECK OPTION REG. 
432 x 8 1x8 +—— VoD 
a VSS 


V CHARGE 
i PUMP 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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FEATURES (Continued) 
e@ 5952 Bytes of User ROM 
24 Bidirectional I/O Lines and 8 Input-Only Lines 
Serial Communications Interface (SCI) System 
8-Channel A/D Converter 
Watchdog System 
Self-Check Mode 
Power-Saving STOP and WAIT Modes 
Single 3.0- to 6.0-Volt Supply | 
Fully Static Operation 
Two Pulse-Length Modulation Systems (D/A) 


SIGNAL DESCRIPTION 


The signal descriptions of the MCU are discussed in 
the following paragraphs. 


Vpp AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vpp is the positive supply, and Vs¢ is ground. 


IRQ 


This pin is a programmable option that provides four 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. Note that the voltage 
level on this pin affects the mode of operation. 


OSC1, OSC2 


These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, or an 
external signal connects to these pins providing a system 
clock. The oscillator frequency is two times the internal 
bus rate (or 32 times as a software option). 


Crystal 


The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vpp 
specifications. 


Ceramic Resonator 


A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 


16-Bit Timer with Two Input Capture and Two Output Functions 
Slow Mode Option Divides the Basic Clock Frequency by 16 


External Clock 

An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(d). 
INPUT CAPTURE (TCAP1) 


This pin controls the input capture 1 feature for the on- 
chip programmable timer (see Table 2). 


INPUT CAPTURE (TCAP2) 


This pin controls the input capture 2 feature for the on- 
chip programmable timer. 


OUTPUT COMPARE (TCMP1) 
This pin provides an output for the output compare 1 


_ feature of the on-chip timer. 


OUTPUT COMPARE (TCMP2) 


This pin provides an output for the output compare 2 
feature on the on-chip timer. 


RESET 


This pin is used to reset the MCU and provide an or- 
derly start-up procedure by pulling RESET low. The volt- 
age on this pin affects the mode of operation (see Table 
2, Mode of Operation Selection). 





INPUT/OUTPUT PORTS (PA7-PA0, PB7-—-PB0, PC7-PC0) 


These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 


“mation. 


~ FIXED INPUT PORT (PD7/AN7-PD0/ANO) 


These eight lines comprise port D, a fixed input port. 
Enabling the A/D function affects this port. Port D accepts 
the eight analog inputs when the A/D is enabled. Port D 
can be used for digital input during a conversion se- 
quence, but this may inject noise on the analog signals, 
reducing the conversion accuracy. Also, a digital read of 
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RSMAX 


Crystal 
| 2 MHz | Units | 
/Rsmax | 400 | 7 
ico | 7 | 
Rp 
[Oe sane 






[4 MHz | 






| 10 | 10 | Mo | 
| 30 | 4 | kK 
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(b) Crystal/Ceramic Resonator 
Oscillator Connections 
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(c) Equivalent Crystal Circuit 





OSC2 


UNCONNECTED 


EXTERNAL CLOCK 


(d) External Clock Source Connections 


Figure 1. Oscil 


port D with levels other than Vpp or Vss on the pins 
results in greater power dissipation during the read cycle. 
Refer to PROGRAMMING for additional information. 


NOTE 


In the 48-pin dual-in-line package, the fixed input 
port (D) of the MC68HCO5B6 is reduced to six pins 
(PD5—PDO, AN5—-ANO). This change has no effect on 

- either programming or operation of port D or the 
A/D converter. 


PLMA 

This pin is the output of the pulse-length modulation 
converter A. See PULSE-LENGTH D/A CONVERTERS for 
further information. 


PLMB 

This pin is the output of the pulse-length modulation 
converter B. See PULSE-LENGTH D/A CONVERTERS for 
further information. 


lator Connections 


RDI (Receive Data In) 
This pin is the input of the SCI. See Serial Communi- 
cations Interface for more information. 


TDO (Transmit Data Out) 
This pin is the output of the SCI. See Serial Commu- 
nications Interface for more information. 


- SCLK 
This pin is the clock output pin of the SCI transmitter. 
See Serial Communications Interface for more infor- 
mation. 


VPP1 
This pin is the EEPROM programming voltage output. 
See EEPROM for further information. 


VRH 
This pin is the positive reference voltage for the A/D 
' converter. 
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VRL 
This pin is the negative reference voltage for the A/D 
converter. 


INPUT/OUTPUT PROGRAMMING 


Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 


INPUT/OUTPUT PORT PROGRAMMING 


Any port pin is programmable as either an input or an 
Output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
Output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 2 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 


Table 1. I/O Pin Functions 


/O Pin Functions 


The I/O pin is in input mode. Data is writ- 


ten into the output data latch 

1 Data is written into the output data latch 
and output to the I/O pin 
The state of the 1/O pin is read 

1 The I/O pin is in an output mode. The out- 
put data latch is read. 


*R/W is an internal signal. 












DATA DIRECTION 
REGISTER 
BIT 





LATCHED 


INTERNAL OUTPUT DATA 
MCU BIT 
CONNECTIONS 


Under software control, the PC2 pin can become the 
CPU clock output. If this option is selected, the corre- 
sponding DDR bit is automatically set, and bit 2 of port 
C always reads the output data latch. The other port C 
pins are not affected by this feature. 


Control Register (CTL/ECLK) $07 

7 6 5 4 3 2 1 0 
po | o | co | co feo] ~ | - | - | 
by 0 0 0 0 0 0 0 


ECLK — ECLK Control 
1=1/O port function of PC2 is forced to output mode, 
and PC2 outputs the ECLK CPU clock. 
O=PC2 functions as a regular I/O pin. 


FIXED INPUT PORT PROGRAMMING 


Port D is a fixed input port that monitors the external 
pins whenever the A/D is disabled. After reset, all eight 
bits become digital inputs because all special function 
drivers are disabled. Port D is always at digital input, 
whether the A/D is on or off. 


NOTE 


Any unused inputs and I/O ports should be tied to 
an appropriate logic level (e.g., either Vpp or Vss). 


SERIAL PORT (SCI) PROGRAMMING 

The SCI uses two or three pins for its functions: RDI 
for its receive data input, TDO for its transmit data output, 
and SCLK to output the transmitter clock, if needed. 


‘MEMORY 


The MCU is capable of addressing 8192 bytes of mem- 
ory and |/O registers, as shown in Figure 3. The locations 
consist of user ROM, user RAM, EEPROM, self-check ROM, 
control registers, and 1/O. The user-defined reset and in- 
terrupt vectors are located from $1FFO to $1FFF. 


Figure 2. Typical Port I/O Circuit 
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Figure 3. Memory Map 


The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


EEPROM 


The MCU has 256 bytes of byte-erasable EEPROM (255 
bytes general purpose and 1-byte option register), lo- 
cated at addresses $0100-$01FF. An internal charge pump, 
connected to the Vpp pin, avoids the necessity of sup- 
plying a high voltage for erase and programming. The 
Vpp pin should be left open. 


CAUTION 


An external! high voltage should not be applied to 
this pin. 


To provide a higher degree of security for stored data, 
there is no bulk or row erase. 


EEPROM Read Operation 


To read data from EEPROM, the E1LAT bit must be 
zero. When E1LAT is zero, the E1PGM and E1ERA bits 
are forced to zero, and the 256-byte EEPROM is read as 
if it were a normal ROM. The Vpp charge pump generator 
is off since E1PGM is zero. If a read is performed while 
E1LAT is set, data will be read as $FF. 


NOTE 


When not performing a programming or erase op- 
eration on the EEPROM, remain in read mode 
(E1LAT =0). 


EEPROM Erase Operation 


To erase a byte of EEPROM, set E1LAT and E1ERA to 
one, write to the address to be erased, and set E1PGM 
for a time tERA1. After the required erase time, E1LAT 
must be cleared, which resets E1ERA and E1PGM. To 
erase a second word, E1LAT must be cleared before it is 
set, or the erase will have not effect. This procedure is 
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done to increase the security of the stored data. While 
an erase is being performed, any access to the EEPROM 
will not be successful. Data written in an erase operation 
is not used; therefore, its value is not significant. User 


programs must be running from ROM or RAM since the . 


EEPROM has its address and data buses latched. 


EEPROM Programming Operation 


To program a byte of EEPROM, set the E1LAT bit, write 
data to the desired address, and set the E1PGM bit for a 
time tpROG. After the required programming delay, E1LAT 
must be cleared, which also resets E1PGM. While a pro- 
gramming operation is being performed, any access to 
the EEPROM will not be successful. 


NOTE 


To program a byte correctly, the byte must have 
been previously erased. 


To program a second word, E1LAT must be cleared 
before it is set, or the programming will have no effect. 
This procedure is done to increase the security of the 
stored data. User programs must be running from RAM 
or ROM since the EEPROM will have its data buses latched. 


Control Register (CTL/ECLK) $07 


7 6 5 4 3 2 1 0 
P= [= | = [= | = [evera | evar [erron 
RESET: 

0 0 0 0 0 U 0 U 


E1ERA — EEPROM Erase 
1=An erase will take place if E1LAT and E1PGM are 
both one. 
0=A programming operation will take place if E1LAT 
and E1PGM are both one. 
lf EILAT=0, E1ERA is held to zero. Once an EE- 
PROM address is selected, E1ERA cannot be 
changed. 
E1LAT — EEPROM Latch Enable . . 
1 = Address and data can be latched into the EEPROM 
for programming or erase operation if E1PGM =0. 
0 = Data can be read from the EEPROM, and the E1ERA 
and E1PGM bits are cleared. 
_ After the programming or erase time, the E1LAT 
bit must be reset in order to reset the E1ERA and 
_E1PGM bits. 
E1PGM — EEPROM Program Mode | 
1 =Charge pump generator is on, and the resulting 
high voltage is applied to the EEPROM array. 
0 =Charge pump generator Is off. 
E1PGM cannot be set before the data is selected; 
it can only be reset by resetting E1LAT. 


The charge pump is not affected by the WAIT mode; 
thus, WAIT can be used for the erase or programming 
delay time. if STOP mode is entered, the EEPROM is set 
to read mode. . 

The Vpp1 charge pump generator is normally supplied 
by the CPU clock, but for very low clocking frequencies, 


RESET: 


the A/D RC oscillator should be used. See A/D CON- 
VERTER for more information. 


Options Register (OPTR) $0100 
7 6 5 4 3 2 1 0 
p- [| -|-|- | - | = [eer] sec | 
U U U U U U U U 


EE1P — EEPROM Protect 
1=EEPROM not protected. 
0=EEPROM addresses from $0120 to $01FF are read 
only, and attempts to write to this area will be 
unsuccessful. 
‘When this bit is erased to one, protection remains 
until the next external or power-up reset occurs. 
SEC — High-Security Bit 
1=Security not active. 
0=EEPROM contents protected because access to 
test mode is inhibited. 
The SEC bit can only be erased to one externally 
by entering self-check mode, which erases the en- 
tire EEPROM. When SEC is changed, the new value 
has no effect until the next external or power-on 
reset. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 

The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 

7 0 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used © 
as a temporary storage area. 


7 0 


5 


PROGRAM COUNTER (PC) 


The program counter is a 13-bit register that contains 
the address of the next instruction to be executed. 


12 0 


« 
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STACK POINTER (SP) 


The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $00CO. 
Subroutines and interrupts may use up to 64 (decimai) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. _ 


12 0 


7 
ojofofofolify] se 


CONDITION CODE REGISTER (CCR) - 

The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 


pai itu iz} c | 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (1) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 


Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 


Zero (Z) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 


SELF-CHECK 


The self-check capability provides the ability to deter- 
mine if the device is functional. Table 2 shows how self- 
check mode is entered. Self-check is performed using the 
circuit shown in Figure 4. Port C pins PC3—PCO are mon- 
itored for the self-check results. After reset, the following 
tests are performed automatically: 

/O — Exercise of ports A, B, C, and D 
RAM — Counter test for each RAM byte 
ROM — Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks iCF1, 
ICF2, OCF1, OCF2, and TOV flag 
Interrupts — Tests external, timer, and SCI interrupts 
SCI — Transmission test; checks RDRF, TDRE, TC, 
and FE flags 
A/D — Checks A/D on internal channels: VRL, VRH, 
and (Vai + VRH)/2 
EEPROM — Optional. Performs write/erase of the 256- 
byte EEPROM and then deactivates the 
security bit. 
PLM — Checks basic PLM function 
Watchdog System — Checks watchdog function 

Self-check results (using the LEDs as monitors) are 
shown in Table 3. The following subroutines are available 
to the user and do not require any external hardware. 


Table 2. Mode of Operation Selection 


| Reser pin | imGrin | Tcaptpin | Mode 










Table 3. Self-Check Results 


To [espe 


Bad Port 










0 indicates LED is on; 1 indicates LED is off. 
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NOTE: Pin numbers are valid for 52-pin PLCC package only. 


Figure 4. Self-Check Circuit Schematic Diagram 





MOTOROLA MICROPROCESSOR DATA 
3-758 


MC68HCO5B6 


RAM CHECK SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The stack 
pointer must be set to $FF. The stack pointer must be set 
to $FF. The RAM check subroutine is called at location 
$021E. A counter test is done on each location from ad- 
dress $50 to $FD. Each location is made to count from 
$00 to $00 again. Locations $FE and $FF are assumed to 
contain the return address. Upon return to the user’s 
program, if the test passed, X=$00, A=$00, and RAM 
locations $0050 and $00FD contain $01. 


NOTE 


The watchdog system is turned on when calling this 
subroutine. 


A/D CONVERTER CHECK SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The subrou- 
tine is called at location $1FAA with X = $00 and A/D STAT/ 
CTRL (address $09)=$20 (ADON=1 for more than 100 
“S and channel PDO selected). Conversion is done on 
three of the internal channels: VRH, VRL, and (VR, + VRH)/ 
2. The result of these conversions is verified at +1 LSB. 
Upon return to the user’s program, if the test passed, 
X=$09, A=$00 or $01. 


ROM CHECKSUM SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $0232 with RAM 
location $0053 equal to $01 and A=0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user’s program, 
if the test passed, X=0, A=0. 


NOTE 


The A/D and the watchdog system are turned on 
when calling this subroutine. 


RESETS 


The MCU can be reset two ways: by initial power-up 
(POR) and by the external reset input (RESET). The RESET 
input consists mainly of a Schmitt trigger that senses the 
RESET line logic level. 











POWER-ON RESET 


An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a delay (tpORL) after the oscillator becomes ac- 
tive. If the RESET pin is low at the end of tpoRL, the MCU 
will remain in the reset condition until RESET goes high. 
A mask option allows tpQRL to be either 16 or 4064 in- 
ternal processor clock cycles (teyc. 









EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (tcyc). 





Miscellaneous Register (0C) 


7 6 5 4 3 2 1 0 
pon | inte | itn | re woos 


RESET: 
U 0 0 1 0 0 0 0 


POR — Power-On Reset 
1=The reset occurring is a power-on, not external, 
reset 
0 = Power-on reset not in progress 
INTP — External Interrupt Positive 
Allows a choice of IRO sensitivity, with INTN. See 
Table 4. 
INTN — External Interrupt Negative 
Allows a choice of IRQ sensitivity, with INTP. See 
Table 4. 
INTE — External Interrupt Enable 
Allows the user to enable or disable the external in- 
terrupt function. 
SFA — Slow/Fast Selection for PLMA 
1= Slow speed used for PLMA (4096 times the timer 
clock period) 
0=Fast speed used for PLMA (256 times the timer 
clock period). See PULSE-LENGTH D/A CON- 
VERTERS 
SFB — Slow/Fast Selection for PLMB 
1= Slow speed used for PLMB (4096 times the timer 
clock period) 
0=Fast speed used for PLMB (256 times the timer 
clock period). See PULSE-LENGTH D/A CON- 
VERTERS 
SM — Slow Mode 
1= System runs at 1/16th the normal clock rate (fosc/ 
32) 
0=System runs at normal clock rate (fog¢/2) 
WDOG — Watchdog Counter System 
1=Watchdog counter system enabled 
0 =Watchdog counter system disabled 


NOTE 


The reset generated by the watchdog timer is a 
system reset; thus, the watchdog is disabled after 
a watchdog reset. 


Table 4. External Interrupt Options 


INTP INTN External Interrupt Options 


0 Negative Edge and Low-Level Sensitive 
0 
1 
1 









Negative Edge Only 
Positive Edge Only 
Positive and Negative Edge Sensitive 
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Slow Mode 


The slow mode function is controlled by the SM bit in 
the miscellaneous register (OC). In slow mode (SM=1), 
an extra divide-by-sixteen circuit is added between the 
oscillator and the internal clock driver. This slows all func- 
tions by a factor of 16 (including SCI, A/D, and timer), 
which is particularly useful in WAIT mode. SM is cleared 
by external or power-on reset and by STOP mode. 


NOTE 


If slow mode is enabled while using the A/D, the 
internal A/D RC oscillator should be turned on. 


Watchdog System 


The watchdog counter is driven by the 1024 prescaler 
in the timer and, unless the counter is reset, generates a 
system reset when it reaches its maximum count 
(1024 x 8), 

A mask option is available that provides two methods 
of enabling the watchdog timer. In the first option, the 
watchdog system is controlled by the WDOG bit in the 
miscellaneous register (OC). Writing a one to the bit starts 
the watchdog or, if it is already started, resets the counter 
to zero. Writing a zero has no effect; the WDOG bit can 
only be cleared by external or power-on reset. In the 
second option, the watchdog timer is always enabled 
following reset. 

A second mask option determines the watchdog timer 
function during WAIT. The watchdog timer can remain 
active during WAIT, and can cause a reset if the device 
remains in WAIT longer than the watchdog timeout pe- 
riod. Alternatively, the watchdog timer suspends oper- 
ation during WAIT and resets its count, resuming normal 
Operation following reset. 


INTERRUPTS 


The MCU can be interrupted four different ways: the 
three maskable hardware interrupts (IRQ, SCI, and timer) 
and the nonmaskable software interrupt instruction (SWI). 

Interrupts cause the processor to save register contents 
onthe stack and to set the interrupt mask (1 bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
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processing to resume. The stacking order is shown in 
Figure 5. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 





NOTE 


The current instruction is the one already fetched 
and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (| 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 
Refer to Figure 6 for the reset and interrupt instruction 
processing sequence. 


TIMER INTERRUPT 


There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 


EXTERNAL INTERRUPT 

If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the | bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1FFA and $1FFB. 

Four options are available for interrupt triggering sen- 
sitivity: 

e Negative edge and low level 

e Negative edge only 

@ Positive edge only 

@ Positive and negative edge 
See Miscellaneous Register (0C) for further information. 


0 STACK 





DECREASING MEMORY 
ADDRESSES 
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Since the Stack Pointer decrements during pushes, the 


PCL is stacked first, followed by PCH, etc. Pulling from 
the stack is in the reverse order. 


Figure 5. Interrupt Stacking Order 
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Figure 6. Reset and Interrupt Processing Flowchart 


Figure 7 shows a mode timing diagram for the interrupt 
line. The timing diagram shows two treatments of the 
interrupt line to the processor. The first method shows a 
single pulse on the interrupt line spaced far enough apart 
to be serviced. The minimum time between pulses is a 
function of the length of the interrupt service. Once a 
pulse occurs, the next pulse should not occur until an RTI 
occurs. This time (tjL|L) is obtained by adding 21 instruc- 
tion cycles to the total number of cycles it takes to com- 
plete the service routine (not including the RTI instruction). 


The second method shows many interrupt lines ‘‘wire- 
ORed” to form the interrupts at the processor. If the in- 
terrupt line remains low after servicing an interrupt, then 
the next interrupt is recognized. 


NOTE 


The internai interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the | bit is cleared. 
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_Edge-Sensitive Trigger Condition 
‘The minimum pulse width (ty, |}) is either 
125 ns (Vpp=5 V) or 250 ns (Vpp=3 V). 
The period tj, should not be less than 
the number of teyc cycles it takes to ex- 
ecute the interrupt service routine plus 21 
teyc cycles. 


Level-Sensitive Trigger Condition 
If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is rec- 
ognized. 


NORMALLY 
USED WITH 
WIRE-ORed 
CONNECTION 


Figure 7. External Interrupt Mode Diagram 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 


SCI INTERRUPTS 
An interrupt in the SCI occurs when one of the interrupt 


flag bits in the serial communications status register is | 


set, provided the | bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 


LOW-POWER MODES 


STOP 


The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and A/D operation (refer to Figure 8). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The | bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 


SCI during STOP Mode 


When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in- 
struction is executed during a transmitter transfer, that 








STOP OSCILLATOR 
AND ALL CLOCKS 


CLEAR | BIT 











EXTERNAL 
INTERRUPT 
(IRQ) 


TURN ON OSCILLATOR 
WAIT FOR TIME 
DELAY TO STABILIZE 


(1) FETCH RESET VECTOR OR 
(2) SERVICE INTERRUPT 

A. STACK : 

B. SET | BIT 

C. VECTOR TO INTERRUPT 
ROUTINE 


Figure 8. STOP Function Flowchart 
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transfer is halted. If a low input to the IRO pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 


Watchdog during STOP Mode 


The STOP instruction is inhibited when the watchdog 
system is enabled. If a STOP instruction is executed while 
the watchdog Is enabled, a reset occurs that resets the 
entire MCU. 


EEPROM during STOP Mode 


The EEPROM is set to read, and the Vpp1 high-voltage 
charge pump generator is disabled when stop mode is 
entered. 


PLM during STOP Mode 


When the MCU enters stop mode, the PLM outputs 
remain at their particular level. If power-on or external 
reset causes the exit from stop mode, the register values 
are forced to $00. 


A/D Converter during STOP Mode 


When stop mode is entered with the A/D converter 
turned on, the A/D clocks are stopped and the A/D con- 
verter is disabled for the duration of stop mode, including 
the tPORL startup time. If the A/D RC oscillator is used, 
it will also be disabled. 


When leaving STOP mode, after the tpORL startup time, 
the A/D converter and A/D RC oscillator resume regular 
operation. However, a time taDON is required for the 
current sources to stabilize. During tapOn, A/D conver- 
sion results may be inaccurate. 


WAIT 


The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action and the 
watchdog system are suspended, but the timer, SCI, PLM, 
and A/D remain active (refer to Figure 9). An interrupt 
from the timer, SCI, or an IRQ can cause the MCU to exit 
the WAIT mode. 


During the WAIT mode, the | bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 


To achieve proper operation and reduce power con- 
sumption, the following points should be set as desired 
before entering wait mode: 


e@ Timer interrupt enable bits 

e A/D control bits 

@ EEPROM control bits 

@ SCI enable bits and interrupt enable bits 










OSCILLATOR ACTIVE 
TIMER, SCI, AND A/D 
CLOCKS ACTIVE 
PROCESSOR CLOCKS STOPPED 
















EXTERNAL 
INTERRUPT 
(IRQ) 





TIMER 
INTERRUPT 


RESTART 
PROCESSOR CLOCK 





(1) FETCH RESET VECTOR OR 
(2) SERVICE INTERRUPT 

A. STACK 

B. SET | BIT 

C. VECTOR TO INTERRUPT 
ROUTINE 


Figure 9. WAIT Function Flowchart 


TIMER 


The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements of two input signals while si- 
multaneously generating two output waveforms. Pulse 
widths can vary from several microseconds to many sec- 
onds. The programmable timer works in conjunction with 
the PLM system to execute two 8-bit D/A PLM conver- 
sions, with a choice of two repetition rates. Refer to Figure 
10 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 
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Figure 10. Timer Block Diagram 
NOTE a prescaler that divides the internal processor clock by 


four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 


The | bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 


not occur. : : aias 
time without affecting its value. 
The double-byte, free-running counter can be read from 
COUNTER | | either of two locations, $18-$19 (counter register) or 
The key element in the programmable timer is a 16- . $1A-$1B (counter alternate register). A read from only 
bit, free-running counter or counter register, preceded by the least significant byte (LSB) of the free-running counter 
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($19, $1B) receives the count value at the time of the read. 
lf a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register LSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 


NOTE 


Since the PLM system uses the timer counter, PLM 
results will be affected when resetting this counter. 


OUTPUT COMPARE REGISTERS 


There are two output compare registers: output com- 
pare register 1 (OCR1) and output compare register 2 
(OCR2). The output compare registers can be used for 
several purposes, such as controlling an output wave- 
form or indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the four bytes of the output compare registers 
can be used as storage locations. 


NOTE 


The same output compare interrupt enable bit is 
used for the two output compares. 


Output Compare Register 1 


The output compare register 1 (OCR1) is a 16-bit reg- 
ister, which is made up of two 8-bit registers at locations 
$16 (most significant byte) and $17 (least significant byte). 

The output compare register contents are continually 
compared with the contents of the free-running counter 
and, if a match is found, the corresponding output com- 
pare flag (OCF1, bit 6 of timer status register $13) is set, 
and the corresponding output level (OLVL1) bit is clocked 
to pin TCMP1. The output compare register values and 
the output level bit should be changed after each suc- 
cessful comparison to control an output waveform or 


establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare, provided the 
corresponding interrupt enable bit, OCIE, is set. 

After a processor write cycle to the output compare 
register 1 containing the most significant byte ($16), the 
output compare 1 function is inhibited until the least sig- 
nificant byte ($17) is also written. The user must write 
both bytes (locations) if the most significant byte is writ- 
ten first. A write made only to the least significant byte 
($17) will not inhibit the compare function. The free-run- 
ning counter is updated every four internal bus clock 
cycies. The minimum time required to update the output 
compare register 1 is a function of the program rather 
than the internal hardware. 

The processor can write to either byte of the output 
compare register 1 without affecting the other byte. The 
output level (OLVL1) bit is clocked to the corresponding 
output level register and then to the TCMP1 pin, regard- 
less of whether the output compare flag (OCF1) is set or 
clear. 


Output Compare Register 2 


The output compare register 2 (OCR2) is a 16-bit reg- 
ister, which is made up of two 8-bit registers at locations 
$1E (most significant byte) and $1F (least significant byte). 
The function of OCR2 is identical to OCR1, requiring only 
changes of the register locations and control bits in the 
timer status register ($13) to make the OCR1 description 
apply to OCR2. 


SOFTWARE FORCE COMPARE 


The MCU provides a force compare capability to facil- 
itate fixed frequency generation as well as other appli- 
cations. Bit 3 (FOLV1 for OCR1) and bit 4 (FOLV2 for OCR2) 
in the timer control register ($12) implement this force 
compare. Writing a one to these bits causes the OLVL1 
or OLVL2 values to be copied to the respective output 
registers (TCMP1 or TCMP2 pins). Internal logic allows a 
single instruction to change OLVL1 and OLVL2 and cause 
a forced compare with the new values of OLVL1 and 
OLVL2. 


NOTE 


A software force compare, which affects the cor- 
responding output pin TCMP1 or TCMP2, does not 
affect the compare flag; thus, it does not generate 
an interrupt. 


INPUT CAPTURE REGISTERS 


There are two input capture registers: input capture 
register 1 (ICR1) and input capture register 2 (ICR2). 


NOTE 


The same input capture interrupt enable bit (ICIE) 
is used for the two input capture registers. 


Input Capture Register 1 


Two 8-bit registers that make up the 16-bit input cap- 
ture register 1 (ICR1) are read-only and are used to latch 
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the value of the free-running counter after the corre- 
sponding input capture edge detector senses a defined 
transition. The level transition that triggers the counter 
transfer is defined by the corresponding input edge bit 
(IEDG1). Reset does not affect the contents of the input 
capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal-bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transi- 
tion, regardless of whether the input capture flag (ICF1) 
is set or clear. The input capture register always contains 
the free-running counter value, which corresponds to the 
most recent input capture. 

After a read of the input capture register 1 ($14) most 
significant byte, the counter transfer is inhibited until the 
least significant byte ($15) is also read. This characteristic 
causes the time used in the input capture software routine 
and its interaction with the main program to determine 
the minimum pulse period. 

A read of the input capture register 1 least significant 
byte ($15) does not inhibit the free-running counter trans- 
fer since they occur on opposite edges of the internal bus 
clock. 


Input Capture Register 2 


The input capture register 2 (ICR2) is a 16-bit register 
that is composed of two 8-bit registers at locations $1C 
(most significant byte) and $1D (least significant byte). 
Input capture register 2 functions identically to input cap- 
ture register 1, except that only negative edge sensitivity 
is available. By substituting the appropriate bits in the 
timer status register ($13) and substituting register lo- 
cations, the ICR1 description applies to ICR2. 


TIMER CONTROL REGISTER (TCR) $12 


The TCR is an 8-bit read/write register, illustrated below 
with a definition of each bit. 


7 6 5 4 3 2 1 0 


RESET: . 
0 0 0 0 0 0 U 0 


U=Uneffected by RESET 

ICIE — Input Capture Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 

OCIE — Output Compare Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 

TOIE — Timer Overflow Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 

FOLV2 — Force Output Compare 2 
1= Forces the OLVL2 bit to the corresponding output 

latch 


‘O=No effect 
FOLV1 — Force Output Compare 1 
1= Forces the OLVL1 bit to the corresponding output 
latch 
0=No effect 
OLVL2 — Output Level 2 
1=The value of the output level 2 bit, which is copied 
to the output level latch by the next successful 
output compare 2, appears at TCMP2 
O=No effect 
IEDG1 — Input Edge 
Value of input edge determines which level transition 
on TCAP1 pin will trigger free-running counter transfer 
to the input capture register. 
1= Positive edge 
0=Negative edge 
OLVL1 — Output Level 1 
Value of output level 1, which is copied into output 
level register by the next successful output compare 1, 
will appear on the TCMP1 pin. 
1=High output 
0=Low output 


TIMER STATUS REGISTER (TSR) $13 


The TSR is a read-only register containing three status 
flag bits. Bits 0-4 always read zero. 


7 6 5 4 3 2 1 0 
jicet_| ocr | ror | tore | ocr | — | — | — | 


RESET: 
U U U U U = = = 


ICF1 — Input Capture Flag 1 
1=Flag set when selected polarity edge is sensed by 
input capture edge detector 
0=Flag cleared when TSR and input capture 1 low 
register ($15) are accessed 
OCF1 — Output Capture Flag 1 
1=Flag set when output compare register contents 
match the free-running counter contents 
0=Flag cleared when TSR and output compare 1 low 
register ($17) are accessed 
TOF — Timer Overflow Flag © 
1=Flag set when free-running counter transition from 
$FFFF to $0000 occurs 
- 0=Flag cleared when TSR and counter low register 
($19) are accessed 
ICF2 — Input Capture Flag 2 
1= Flag set when selected polarity edge is sensed by 
input capture 2 edge detector 
0=Flag cleared when TSR and input capture 2 low 
register ($1D) are accessed 
OCF2 — Output Capture Flag 2 
1=Flag set when output compare register contents 
match the free-running counter contents 
0=Flag cleared when TSR and output compare low 
register 2 ($1F) are accessed 
Bits 0-2 — Not Used 
Can read either zero or one. 
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TIMER DURING WAIT MODE 


The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 


TIMER DURING STOP MODE 


In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
reset is used, the counter is forced to $FFFC. During STOP, 
if at least one valid input capture edge occurs at the TCAP 
pin, the input capture detect circuit is armed. This does 
not set any timer flags or wake up the MCU, but when 
the MCU does wake up, there is an active input capture 
flag and data from the first valid edge that occurred dur- 
ing the STOP mode. If reset is used to exit STOP mode, 
then no input capture flag or data remains, even if a valid 
input capture edge occurred. 

Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 
A problem can occur when using the timer overflow func- 
tion and reading the free-running counter at random times 
to measure an elapsed time. Without incorporating the 
proper precautions into software, the timer overflow flag 
could unintentionally be cleared if 1) the timer status 
register is read or written when TOF is set, and 2) the 
least significant byte of the free-running counter is read 
but not for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer over- 
flow flag in the timer status register. 


SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate prescaler. The 
terms baud and bit rate are used synonymously in the 
following description. 


SCI TWO-WIRE SYSTEM FEATURES 


@ Standard NRZ (mark/space) format 

@ Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time 


IDLE LINE 


anDrudi)!S® 


*Stop bit is always high. 


e Full-duplex operation (simultaneous transmit and re- 
ceive) 

@ Software programmable for one of 32 different baud 
rates 

e Different baud rates possible for transmit and receive 

@ Software-selectable word length (eight- or nine-bit 
words) 

e@ Separate transmitter and receiver enable bits 

SCI may be interrupt driven 

Four separate interrupt conditions 


SCI RECEIVER FEATURES 

Receiver wake-up function (idle or address bit) 
Idle line detect 

Framing error detect 

Noise detect 

Overrun detect 

Receiver data register full flag 


SCI TRANSMITTER FEATURES 


@ Transmit data register empty flag 
@ Transmit complete flag 
@ Break send 


Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 


DATA FORMAT 


Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 11. 


WAKE-UP FEATURE 


In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 


CONTROL BIT “M" 
SELECTS 8 OR 9 BIT DATA 


ouvuruoiMn 


Figure 11. Data Format 
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RECEIVE DATA IN 


Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 


START BIT DETECTION FOLLOWING A FRAMING ERROR 


lf there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
— artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

lf the receiver detects that a break (RORF=1, FE=1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic one before start. 


SCI SYNCHRONOUS TRANSMISSION 


The SCI transmitter allows a one-way synchronous 
transmission, with the SCLK pin as the clock output. No 
clock is sent to the SCLK pin during the stop and start 
bits. The LCL bit (SSCR1) controls whether clocks are 
active during the last valid data bit (address mark). The 
CPOL bit selects clock polarity, and the CPHA bit selects 
the phase of the external clock. During idle, preamble, 
and send break, the external SCLK clock is not active. 

These options allow the SCI to control serial periph- 


~~ erals consisting of shift registers without losing any func- 


tion of the SCI transmitter. These options do not affect 
the SCI receiver, which is independent of the transmitter. 

The SCLK pin works in conjunction with the TDO pin. ; 
When the SCI transmitter is disabled, the SCLK and the 
TDO pins assume a high-impedance state. 


NOTE 


THE LBCL, CPOL and CPHA bits must be selected 
before the transmitter is enabled to ensure that the 
clocks function correctly. These bits should not.be 
changed while the transmitter is enabled. 


TRANSMIT DATA OUT 


Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock (if the same baud rate is used for transmit and 
receive). 


FUNCTIONAL DESCRIPTION 


A block diagram of the SCI is shown in Figure 12. The 
user has option bits in the serial communications control 
register 1 (SCCR1) to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates for the transmitter and re- 
ceiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift register. This data transfer 


~ gets the SCI status register (SCSR) transmit data register 


empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- 
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter- 
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 


REGISTERS 


There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 
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Serial Communications Data Register (SCDAT) $11 


The SCDAT is a read/write register used to receive and 
transmit SCI data. 





7 6 5 4 3 2 1 0 
SCD7 | SCD6 | SCD5 | SCD4 | SCD3 | SCD2 | sco | scoo | SCDO 
RESET: 
U U U U U U U U 


As shown in Figure 12, SCDAT functions as two sep- 
arate registers. The transmit data register (TDR) provides 
iné parailel interface from the internai data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 


Serial Communications Control Register 1 (SCCR1) $OE 


The SCCR1 provides control bits that determine word 
length, select the wake-up method, and control the op- 
tions to output the transmitter clocks for synchronous 
transmissions. 


7 6 ) 4 3 2 1 0 
me | te | — | om [wave | cot | cpha | tect 


RESET: 
U U _ U U U U U 


R8 — Receive Data Bit 8 
R8 bit provides storage location for the ninth bit in the 
receive data byte (if M=1). 
T8 — Transmit Data Bit 8 
T8 bit provides storage location for the ninth bit in the 
transmit data byte (if M=1). 
M — SCI Character Word Length 
1=one start bit, nine data bits, one stop bit 
0=one start bit, eight data bits, one stop bit 
WAKE — Wake-Up Select 
Wake bit selects the receiver wake-up method. 
1=Address bit (most significant bit) 
0=Idle line condition 
CPOL - Clock Polarity 
Selects the clock polarity sent to the SCLK pin. 
1=Steady state high outside the transmission win- 
dow 
0=Steady state low outside the transmission win- 
dow 
The CPOL bit should not be changed with the trans- 
mitter active. 
CPHA — Clock Phase 
Selects the clock phase sent to the SCLK pin. 
1=SCLK line activated at the beginning of the data 
bit 
0=SCLK line activated in the middle of the data bit 
(see Figures 13 and 14) 
The CPHA bit should not be changed with the 
transmitter active. 
LBCL — Last Bit Clock 
Selects whether the clock associated with the last data 
bit transmitted is output to the SCLK pin. 
1 =Last data bit output 


0=Last data bit not output 
The last data bit is the eighth or ninth bit, depend- 
ing on whether an 8- or 9-bit format is used (see 
Table 5). 
The LBCL bit should not be changed while the 
transmitter is enabled. 
Bit 5 — Not used 
Can read either one or zero 


Table 5. SCI Clock on SCLK Pin 


| Data ee Number of | 


F t Clocks on 
eine SCLK Pin 





LBCL Bit 
























The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 


Receiver Wake-Up 





Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag. 


Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 








Detection of a received one in the ninth data 
bit allows an RDRF flag and associated error 
flags. 





Serial Communications Control Register 2 (SCCR2) $OF 


The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 








7 6 5 4 3 2 1 0 
Te we | re | re | Rwy 
RESET: 

0 0 0 0 0 0 0 0 


TIE — Transmit Interrupt Enable 
1=SCl interrupt enabled, provided TDRE is set 
O=TDRE interrupt disabled 

TCIE — Transmit Complete Interrupt Enable 
1=SCl interrupt enabled, provided TC is set 
O=TC interrupt disabled 

RIE — Receive Interrupt Enable 
1=SCl interrupt enabled, provided OR or RDRF is set 
O=RDRF and OR interrupts disabled 

ILIE — Idle Line Interrupt Enable 
1=SClI interrupt enabled, provided IDLE is set 
0=Idle interrupt disabled 
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NOTE: The Serial Communications Data 
Register (SCI SCDAT) is controlled by the in- 
ternal R/W signal. It is the transmit data reg- 
ister when written and receive data register 
when read. 
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Figure 12. SCI Block Diagram 
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Figure 13. SCI Data Clock Timing Diagram (M=0) 
IDLE OR START M=199 DATA BIT STOP IDLE OR 
PRECEDING | l 
TRANSMISSION l | | NEXT TRANSMISSION 


CLOCK | : | | | | 1 7 7 7] MN M i] | 
(CPOL=0 CPHA—0) ee ee ee ee ee ee ee ee 
| | 
CLOCK | a 7 rT | l 1 | | | [] | | 
(CPOL=0 CPHA=1) | | | | | | | | | 


CRORST EPH O We Prop eps gy a ay ee 


| 
| | | | | | | | | 
| 


(CPOL=1 CPHA=1) | | ! | | ) 
| | l 


| __i | | | | | | | 
DATA FoR iXzX3x K+ KsrXeyX7) 
START LSB MSB STOP 
*LBCL Bit Controls Last Data Clock 


Figure 14. SCl Data CLock Timing Diagram (M=1) 


TE — Transmit Enable RE — Receive Enable 

1=Transmit shift register output is applied to the TDO 1=Receiver shift register input is applied to the RDI 
line, and the corresponding clocks are applied to line. 
the SCLK pin. Depending upon the SCCR1 M bit, 0=Receiver disabled and RDRF, IDLE, OR, NF, and 
a preamble of 10 (M=0) or 11 (M= 1) consecutive FE status bits are inhibited. 
ones is transmitted. RWU — Receiver Wake-Up 

0=Transmitter disabled after last byte is loaded in 1 = Places receiver in sleep mode and enables wake- 
the SCDAT and TDRE is set. After last byte is up function 
transmitted, TDO line becomes a high-impedance 0=Wake-up function disabled after receiving data 
line. word with MSB set (if WAKE = 1) 
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Wake-up function also disabled after receiving 10 
(M=0) or 11 (M= 1) consecutive ones (if WAKE = 0) 
SBK — Send Break 

1 = Transmitter continually sends blocks of zeros (sets 
of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec- 
ognition of valid start bit. 

O=Transmitter sends 10 (M=0) or 11 (M=1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift register, and. the 
second is queued into the parallel transmit buffer. 


Serial Communications Status Register (SCSR) $10 


The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 


7 6 5 4. a 2 j 0 
ae eee) we eae es | 


RESET: 
1 4 0 0 0 0 0 = 
TDRE — Transmit Data Register (TDR) Empty 
1= TDR contents transferred to the transmit data shift 
register 


0=TDR still contains data. TDRE is cleared by reading © 


the SCSR, followed by a write to the TDR. 
TC — Transmit Complete 
1=Indicates end of data frame, sentir or break 
condition has occurred if: . 
1. TE=1, TDRE=1, and no pending data, pream- 
ble or break is to be transmitted; or 
2. TE=0O and the data preamble or break (in the 
transmit shift register) has been transmitted. 
0=TC bit cleared by reading the SCSR, followed by 
a write to the TDR 
The TC bit is a status register that indicates one of 
the above conditions has occurred. It does not in- 
hibit the transmitter in any way. 
RDRF — Receive Data Register (RDR) Full 
1 = Receive data shift register contents transferred to 
the RDR 
0 = Receive data shift register transfer did not occur. 
RDRF is cleared by reading the SCSR, followed 
by a read of the RDR 
IDLE — Idle Line Detect 
_ 1=Indicates receiver has detected an idle line 
0=IDLE is cleared by reading the SCSR, followed by 
a read of the RDR. Once IDLE is cleared, IDLE 
cannot be set until RDI line becomes active and 
idle again. 
OR — Overrun Error 
1 =Indicates receive data shift register data is ready 
to be sent to a full RDR (RDRF=1). Data causing 
the overrun ts lost, and RDR data is not disturbed. 
O=OR its cleared by reading the SCSR, followed by 
a read of the RDR. 


NF — Noise Flag . 
1=Indicates noise is present on the receive bits, in- 
cluding the start and stop bits. NF is not set until 
RDRF = 1. 
O=NF is cleared by reading the SCSR, followed by 
a read of the RDR. 
FE — Framing Error 
1=Indicates stop bit not detected in received data 
character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib- 
ited until FE is cleared. 
O=FE is cleared by reading the SCSR, followed by a 
read of the RDR. 
Bit 0 — Not used 
Can read either one or zero 


Baud Rate Register $0D 


The baud rate register selects the SCI transmitter and 
receiver baud rate. The SCP1 and SCPO prescaler bits are 
used in conjunction with the SCR2-SCRO bits to generate 
the receiver baud rate and in conjunction with the 
SCT2-SCTO baud rate bits to generate the transmitter 
baud rate. 

Tables 6 and 7 tabulate the divide chain used to obtain 
the baud rate clock (transmit or receive clock). The actual 
divider chain is controlled by the combined SCP1—SCP0 
and SCR2-SCRO or SCT2-SCT0 bits in the baud rate reg- 


ister. The divided frequencies shown in Table 6 represent 


the final baud rate that results from prescaler division 
only (SCR or SCT bits all zero). Table 7 lists the prescaler 
output frequency divided by the action of the SCR or SCT 
bits. 

For example, assume that 9600-Hz baud rate is desired 
from a 2.4576-MHz system clock crystal. The prescaler 
bits could be set for either a divide-by-one or divide-by- 
four. If a divide-by-four prescaler is used, then the SCR 
and SCT bits must be set for divide-by-two. The same 
result, using the same crystal frequency, can be obtained 
with a prescaler divide-by-one and SCR and SCT bit di- 
vide-by-eight. 


7 6 5 4 3 2 1 0 
scPo | SCT2 scto | SCR2 | SCRI | SCRO 


RESET: 
0 0 U U U U U U 


SCP1-SCPO — SCI Prescaler Bits 1 and 0 
These two prescaler bits are used to increase the 
range of standard baud rates controlled by the SCT2- 
SCTO and SCR2-SCRO bits. Prescaler internal pro- 
cessor clock division versus bit levels are shown in 
Table 6. 

SCT2-SCTO — SCI Transmit Baud Rate Selection Bits 
These three bits, taken in conjunction with bits 
SCP1-SCPO, are used to select the SCI transmit baud 
rate. Baud rates versus bit levels are listed in Table 
we 
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Table 6. Prescaler Highest Baud Rate Frequency Output 


Crystal Frequency MHz 


| SCPBit Clock* 
(ease Oa aiggoa | ao | ag =| | 8 


1 131.072 kHz 
3 43.691 kHz 
4 32.768 kHz 
3 10.082 kHz 


0 
0 
1 
1 


1 


*Refers to the internal processor clock. 


125.000 kHz 
41.666 kHz 
31.250 kHz 

9600 Hz 





57.60 kHz 
19.20 kHz 
14.40 kHz 
4430 Hz 


76.80 kHz 
25.60 kHz 
19.20 kHz 
5.907 kHz 


62.50 kHz 

20.833 kHz 

15.625 kHz 
4800 Hz 


NOTE: The divided frequencies shown in Table 6 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 


Table 7. Transmit Baud Rate Output for a Given Prescaler Output 


































Divided 
Cet [eo] © [miomie | saree | rene | wane [som 

0 0 0 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 

0 0 1 65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz 

0 1 0 32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz 

0 1 1 16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz 

il 0 0 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz 

1 0 1 4.096 kHz 1.024 kHz 2400 Hz 600 Hz 300 Hz 

1 1 0 2.048 kHz 512 Hz 1200 Hz 300 Hz 150 Hz 

1 1 1 1.024 kHz 256 Hz 600 Hz 150 Hz 75 Hz 




































NOTE: Table 7 illustrates how the SCI select bits can be used to provide lower transmitter or receiver baud rates by further dividing 
the prescaler output frequency. The five examples are only representative samples. In all cases, the baud rates shown are 
transmit baud rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 


SCR2-SCRO — SCI Receive Baud Rate Selection Bits 
These three bits, taken in conjunction with bits 
SCP1-SCPO, are used to select the SCI receive baud 
rate. Baud rates versus bit levels are listed in Table 
7. . 


Load Program in RAM and Execute 


This function is entered if the following conditions are 
met when reset Is released: 

IRQ is at Vpp +4 V for at least two machine cycles after 

reset 
TCAP1 is at Vpp for at least two machine cycles after 
reset 

PD3 is at Vpp for at least 30 machine cycles after reset 

PD4 is at Vss for at least 30 machine cycles after reset 

User programs are loaded into RAM using the SCI port 
and then executed. Data is loaded sequentially, starting 
at RAM location $50, until the last byte is loaded. Program 
control is then transferred to the RAM progam starting 
at location $51. The first byte loaded is the count of the 
number of bytes tn the program plus the count byte. The 
program starts at the second byte in the RAM. During 
firmware initialization, the SCI is configured for the NRZ 
format (idle line, eight data bits, and stop bit). The baud 
rate is 9600 with a 4-MHz crystal. Figure 15 shows a sche- 
matic for the load program in RAM and execute function. 

Immediate execution can be avoided by setting the 


byte count to a value greater than the length of data 
loaded, which causes the firmware to wait for additional 
data after loading is complete. Resetting the MCU then 
allows entering any routine without disturbing the RAM 
data that was loaded. 


Jump to Any Address 


This function is entered if the following conditions are 
met when reset is released: 
IRO. is at Vpp +4 V for at least two machine cycles after 
reset 
TCAP1 is at Vpp for at least two machine cycles after 
reset 
PD3 is at Vpp for at least 30 machine cycles after reset 
PD4 is at Vpp for at least 30 machine cycles after reset 
To execute the jump to any address function, port A 
data input should be $CC, and port B and C should be 
the MSB and LSB, respectively, of the address desired 
for the jump. Figure 16 shows a schematic for the jump 
function. 


PULSE-LENGTH D/A CONVERTERS 


The pulse-length D/A converter (PLM) works in con- 
junction with the timer to execute two 8-bit conversions 
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Figure 15. Load Program in RAM and Execute Diagram 
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NOTE: Pin numbers are valid for 52-pin PLCC package only. 


Figure 16. Jump to Any Address Diagram 


MOTOROLA MICROPROCESSOR DATA | 
3-775 





MC68HCO5B6 


with a choice of two repetition rates. The outputs are 
pulse-length modulated signals whose duty-cycle ratio 
may be modified. These signals can be used directly as 
PLM, or the filtered average values can oe used as gen- 
eral-purpose analog outputs. 

Registers PLMA and PLMB contain the pulse-length 
values for the two PLMs. A value of $00 results in a con- 
tinuously low output from the D/A. A value of $80 results 


PLMA 


PLMA7 | PLMA6 | PLMA5 | PLMA4 | PLMA3 | PLMA2 | PLMA1 | PLMAQ 


RESET: 


0 0 0 0 0 0 0 0 


PLMB we 


in a 50-percent duty-cycle output, and a value of $FF gives 


an output that is a logic 1 for 255/256 of the cycle. When 


the MCU writes to the PLMA or PLMB register, the D/A 
picks up the new value at the end of a complete conver- 
sion cycle. A monotonic change in the dc component of 
the output results, without overshoots or vicious starts 
(a vicious start is an output that gives totally erroneous 
output during the first cycle following an update of the 
registers). WAIT mode does not affect the output wave- 
form of the D/A converters. 


NOTE 


Since the PLM system uses the timer counter, PLM 
results will be affected while resetting the timer 
counter. 


Figure 17 shows a block diagram of the PLM system. 


PLMB7 | PLMB6 | PLMB5 | PLMB4 | PLMB3 | PLMB2 | PLMB1 | PLMBO 


RESET: 


0 0 0 0 0 0 0 0 


ele ve 


T= T= T= Te Toe TT 


RESET: 


0 0 


SFA — Slow/Fast Control for PLMA Clock 
1=Slow speed of PLMA used (4096 times the timer 
clock period) 
O0=Fast speed of PLMA used (256 times the timer 
clock period) 


DATA BUS 
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Figure 17. PLM Block Diagram 
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SFB — Slow/Fast Control for PLMB Clock 
1= Slow speed of PLMB used (4096 times the timer 
clock period) 
O=Fast speed of PLMB used (256 times the timer 
clock period) 


NOTE 


The highest speed of the PLM system corresponds 
to the frequency of the TOF bit being set, multiplied 
by 256. The slowest speed of the PLM system cor- 
responds to the frequency of the TOF bit being set, 
muitipled by 16. 


The SFA and SFB bits are not double buffered; there- 
fore, these bits must be selected before writing to either 
PLM register to avoid temporary wrong values from the 
PLM outputs. Figure 18 shows some examples of the PLM 
output waveforms. 


A/D CONVERTER 


The A/D converter system consists of an 8-bit succes- 
sive approximation converter and a 16-channel multi- 
plexer. Eight of the channels are available for output, and 
the other eight channels are dedicated to internal test 
functions. There is one 8-bit result data register (address 
$08) and one 8-bit status/control register (address $09). 


NOTE 


In the 48-pin dual-in-line package, the fixed input 
port (D) of the MC68HCO5B6 is reduced to six pins 
(PD5-PDO, AN5-ANO). This change has no effect on 
either programming or operation of port D or the 
A/D converter. 


The reference supply for the converter uses dedicated 
input pins instead of the power supply lines, because 
drops caused by loading in the power supply lines would 
degrade the accuracy of the A/D conversion. An internal 
RC oscillator is available if the bus speed is low enough 


to degrade the A/D accuracy. An ADON bit allows the A/ 
D to be switched off to reduce power consumption, which 
is particularly useful in the WAIT mode. 

For ratiometric conversions, the source of each analog 
input should use VRH as the supply voltage and be ref- 
erenced to Vp,. An input voltage greater than or equal 
to VRH converts as $FF (full scale) with no overflow in- 
dication. An input voltage equal to Vp} converts as $00. 
The conversion is monotonic with no missing codes. 


A/D STATUS/CONTROL REGISTER ($09) 


Z 6 5 4 3 2 | 0 
| coco aorc | ADON 0 CH3 CH2 CH1 CHO 
0 








RESET: 
0 0 0 0 0 0 0 


COCO — Conversion Complete 
1 = Conversion is complete; a new result can be read 
from the result data register ($08). 
O=No conversion since last reset 
ADRC — A/D RC Oscillator Control 
1=A/D uses RC clock 
0=A/D uses CPU clock 
When the RC oscillator is turned on, it requires a 
time tadrc to stabilize, and results can be inaccur- 
ate during this time. 
ADON — A/D On 
1=A/D enabled 
0=A/D disabled 
When the A/D ts turned on, it requires a time taDON 
for the current sources to stabilize, and results can 
be inaccurate during this time. 
CH3-CHO — Channel 3 through Channel 0 
These bits select the A/D channel assignment (see 
Table 8). 


NOTE 


Using one or more pins of PD7:AN7-PDO:ANO as 
analog inputs does not affect the ability to use port 
D inputs as digital inputs. However, using port D 


T= 4CPU Clocks Fast Mode 
T =64 CPU Clocks Slow Mode 


Figure 18. PLM Output Waveform Examples 
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for digital inputs during an analog conversion se- 
quence may inject noise on the analog inputs and 
reduce the accuracy of the A/D result. 

Performing a digital read of port D with levels 
other than Vpp or Vss on the inputs causes greater 
than normal power dissipation during the read and 
may give erroneous results. 


Table 8. A/D Channel Assignments 


CH3 | CH2 | CHI Channel Selected 


ANO, Port D Bit 0 
AN1, Port D Bit 1 
AN2, Port D Bit 2 
AN3, Port D Bit 3 


AN4, Port D Bit 4 
AN5, Port D Bit 5 
AN6, Port D Bit 6 
AN7, Port D Bit 7 


VRH Pin (High) 
((VRH) +(VRL))/2 
VAL Pin (Low) 
Vet Pin (Low) 






















oo°co 
e-ee 










Ve__ Pin (Low) - 
Vez Pin (Low) 
VRL Pin (Low) 
Ve_ Pin (Low) 
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INSTRUCTION SET 


The MCU instructions can be divided into five different 
types: register/memory, read-modify-write, branch, bit 
manipulation, and control. The following paragraphs 
briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 


Operation [X:A4X«A 





Description | Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 


accumulator and index register 


H: Cleared 

1: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 












Condition 
"Codes 











Source 
Form(s) 





Addressing 
Mode 


Inherent 





REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 


other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 



























Load A from Memory LDA 

Load X from Memory LDX 

Store A in Memory STA 

Store X in Memory STX 
| Add Memory to A ADD 

Add Memory and Carry to A ADC 

Subtract Memory iz SUB 

Subtract Memory from A with Borrow 

AND Memory to A 

OR Memory with A 

Exclusive OR Memory with A 








Arithmetic Compare A with Memory 


Bit Test Memory with A (Logical Compare) 
JSR 


BRANCH INSTRUCTIONS 
This set of instructions branches if a particular condi- 






tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 


















Branch Always BRA 
Branch Never BRN 
Branch if Higher BHI 













Branch if Lower or Same 


BLS 
Branch if Equal 
BHCS 
BM 


Branch if Interrupt Line is High 






BIH 
Branch to Subroutine BSR 
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READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


ceo 


















Function 





+— 


Increment 


Decrement 





Clear 


Complement 


Negate (Twos Complement) 















Rotate Left Thru Carry 
Rotate Right Thru Carry 
Logical Shift Left 

Logical Shift Right 
Arithmetic Shift Right 


Test for Negative or Zero 


CONTROL INSTRUCTIONS 
















These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 





Function Mnemonic 






Transfer A to X 










Transfer X toA 









Set Carry Bit 
Clear Carry Bit 


Clear Interrupt Mask Bit 
Software Interrupt SWI 
P 


Reset Stack Pointer + RS 
No-Operation NOP 
Stop STOP 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 









































the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 















Mnemonic 
| BRSET nin- 0... 7) 
BRCLR n(n 0... 7) 
BSET NAM Oss. 
BCLRn(n 0...7) 


Function 





Branch if Bit n is Set 










Branch if Bit n is Clear 





Set Bit n 











Clear Bit n 


OPCODE MAP SUMMARY 


Table 9 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand ts con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode Is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 
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Table 9. Opcode Map 














Si Manipulation | Bene yy ee Mediy ee Control 
REL ma IK INH 
am 0 1 8 
0000 “0001 ee is oa sii 4000. 
; 9 
RTI 
1 INH 


BTBj2 BSC |2 REL] 2 DIR|1 INH|1 INH 
BRCLRO BCLRO 
Maia BSET1 

3 BTB|2 BSC]}2 REL|2 pIR| 1 INH] 1 INH 


Pe] 
4 
Nn 
2 
a is a 





BTB|2 BSC {2 


Register/Memory 


aM 





5 5 3 5 3 
= , BRSET2 BSET2 BCC LSR LSRA LSRX 
BTB|2 BSC] 2 REL|2 DIR} 1 INH] 1- INH 








1X1 

IX] 

1x1 

1x1 

iX1 

1x1 
a 
ae BRCLR5 BCLR5 

BIB}2 BSC |2 REL 
= 5 3 


BRSET3 BSET3 RORA RORX 
BTB|2 BSC |2 REL|2 DIR] 1 INH | 1 INH 
BTB BSC REL DIR INH INH 
| BRSETA BSET4 BHCC — LSLA LSLX xe 
BTB BSC REL DIR INH INH H|2 
2 2 
BRCLR4 BCLR4 BHCS | F| ROLA ROLX SEC ADC 
BTB| 2 BSC {2 REL|2 DIR INH iNH 1 INH [2 IMM] 2 
2 2 
Hen | BRSETS BSET5 = DECA DECK. CLI ORA 
BTB {2 BSC REL DIR} 1 INH| 1 1X] 1 INH | 2 IMM 


w 


“Ht 





5 3 
oo |, BRSETE BSET6 BMC INC 
BTBI2 BSC |2 REL|2 1 IX 
5 3 4 
aor |. BRCLR6 |  BCLRE BMS TST 
3 BTBj2 BSC {2 REL{2 1 1X 


3 
ear BRSET7 BSET7 
BTB| 2 BSC|2 


BTB{2 BSC ]2 REL|2 DIR| 1 INH] 1 INH | 2 IX4 


Abbreviations for Address Modes 








= 
= 
7 
4 
x< 
> 
NR 







INH Inherent REL Relative 

A Accumulator BSC Bit Set/Clear 

X Index Register BTB Bit Test and Branch 
IMM Immediate Ix Indexed (No Offset) Mnemonic 
DIR _ Direct IX1_ Indexed, 1 Byte (8-Bit) Offset Bytes 
EXT Extended IX2 Indexed, 2 Byte (16-Bit) Offset 


Cycles 


SUB 


IX 


4 
ADC 
3 EXT|3 
4 
ORA 
3 EXT|3 
4 
ADD 
3 EXT|3 


EXT}: 


oe, EXT]3 


LEGEND 


| iMmM [| IR x2 | 
Pa fae a 
Seal 


=f=j =i 





IX2 


IX2 


1X2 








00171 


ion) 

te 

wl om | 

a oa 

AED 
SSeS 

ney ‘0100 

2 IX1}1 ; Th 





LDA 
2 IX} 0710 
5 4 
STA STA 
2 iX1 1x Oe 
4 3 
EOR EOR 
2 x1} 1 Ix s0g8 
4 3 
ADC ADC 
2 ix IX, tQ0) 


2 IX1}1 Ix 


2 2 2 
RSP JMP 140 
1 INH EXT]3 1x2|2 Ix1|1 e 
2 
NOP 
1 INH {2 REL DIR {3 EXT3 IX242 1X1 


1 a 


me 


IX1}1 


1X1 Sa 


Opcode in Hexadecimal 


Opcode in Binary 


Address Mode 
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RELATIVE 


The relative addressing mode is only used itn branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 


the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode Is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from —125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 


MOTOROLA MICROPROCESSOR DATA 


3-781 








MC68HCO5B6 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS (Voltages referenced to Vss) 


Rating | Symbol 
Supply Voltage —0.5 to +7.0 

















Vss — 0.5 to 
2xVpp+0.5 








Self-Check Mode (IRO Pin Only) . Vin 
Current Drain Per Pin Excluding 
Vpp and Vss 


Operating Temperature Range TL to TH 






MC68HCO5BE6P, FN (Standard) 0to +70 
MC68HCO5B6CP, CFN (Extended) —40 to +85 
MC68HCO5B6MP, MFN (Automotive) —40 to +125 


Storage Temperature Range 7 —65 to + 150 


THERMAL CHARACTERISTICS 










|[Symbol| Value | Unit_| 


JA 
40 
; 50 


Characteristic 







Thermal Resistance 
Plastic 
Plastic Leaded Chip Carrier (PLCC) 


PA7—PAO, 
PB7-PBO, 
PC7-PCO, 
TCMP1 
TCMP2 


3.26 kQ | 2.38 kQ 50 pF 





Cc 
PA7-PAO, — | 10.91 kQ| 6.32kQ | 50 pF 


PB7-PBO, 
6 kQ 6 kQ 200 pF 













PC7-—PCO, 
TCMP1, 
TCMP2 


TDO, SCLK, 
PLMA, PLMB 






| 
Input Voltage Vin Vss —0.5 to V 
Vpp +0.5 


This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that Vin and Vout be 
constrained to the range Vss < (Vin or Vout) = 
Vpp. Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e.g., either Vss or Vpp). 


VDD 
R2 
(SEE TABLE} 
TEST 
POINT 
C R1 
(SEE (SEE TABLE) 
TABLE) 


Figure 19. Equivalent Test Load 
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POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 


be obtained from: 
Ty=Tat (Pp 8a) (1) 

where: 

Ta = Ambient Temperature, °C 

O5A = Package Thermal Resistance, 

Junction-to-Ambient, °C/W 

Pp = PINT+PiO 

PINT =Icc x Vcc, Watts — Chip Internal Power 

Pio = Power Dissipation on Input and Output 


Pins — User Determined 


_ For most applications Pvo<Pint and can be neglected. 


The following is an approximate relationship between 
Pp and Ty (if Pio is neglected): 


Pp =K + (Ty +273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp ° (Ta + 273°C) + by AsPDZ (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ty. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any vaiue of Ta. 


DC ELECTRICAL CHARACTERISTICS (Vpp = 5.0 Vdc + 10%, Vgg =0 Vdc, Ta=T, to Ty, unless otherwise noted) 


Characteristic 


Symbol Min 


VOL 


VOH 


O 


O 


utput High Voltage 
(ILoad = 0.8 mA) PA7-PAO, PB7—PBO, PC7—PCO, TCMP1, TCMP2 
(ILoad = 1.6 mA) TDO, SCLK, PLMA, PLMB 


utput Low Voltage 

(ILoad = 1.6 mA) PA7-PAO, PB7—PBO, PC7-PCO, TCMP1, TCMP2, 
PLMA, PLMB, TDO, SCLK 

RESET 


Input High Voltage 


PA7—PAO, PB7—PBO, PC7—PCO, PD7-PDO, TCAP1, TCAP2, IRO, 
RESET, OSC1, RDI 


Input Low Voltage 


PA7-PAO, PB7-PBO, PC7-PCO, PD7—PDO, TCAP1, TCAP2, IRQ, 
RESET, OSC1, RDI 


Supply Current (see Notes) 


RUN (SM =0) 
RUN (SM =1, teyc = 8 pS) 
WAIT (SM = 0) 
WAIT (SM = 1, tcyc =8 ws) 
STOP 
0 to 70 (Standard) 
— 40 to 85 (Extended) 
— 40 to 125 (Automotive) 


I/O Ports Hi-Z Leakage Current 


PA7-PAO, PB7—PBO, PC7-PCO, TDO, RESET, SCLK 


Input Current 


IRO, TCAP1, TCAP2, OSC1, RDI 
PD7/AN7—PDO/ANO (A/D off) 
PD7/AN7-PDO/ANO (A/D on) 


Capacitance 


NO 


1. 
2 
3. 
4 


5. 


6 


Ports (as Input or Output), RESET 
TDO, SCLK 

IRO, TCAP1, TCAP2, OSC1, RDI 
PD7/AN7-PDO/ANO (A/D off) 
PD7/AN7—PDO/ANO (A/D on) 


TES: 
All values shown reflect average measurements. 
. Typical values at midpoint of voltage range, 25°C only. 


no dc loads, less than 50 pF on all outputs, C_ =20 pF on OSC2. 
Wait, Stop Ipp: All ports configured as inputs, Vj, =0.2 V, Vip = 
Wait Ipp is affected linearly by the OSC2 capacitance. 


TBD — To be determined. 


Vpp ~ 9.1 














Wait Ipp: Only timer system active (TE =RE =0). If SCI active (TE=RE=1) add 10% current draw. 
. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fgg¢=4.0 MHz), all inputs 0.2 V from rail; 


Vpp — 0.2 V. 
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Characteristic 





Output Voltage, I| 9aq<10.0 pA 







Output High Voltage 
(ILoad =0.2 mA) PA7-PAO, PB7-PBO, PC7—PCO, TCMP1, TCMP2 
(ILoad = 0.4 mA) TDO, SCLK, PLMA, PLMB’ 


Output Low Voltage 

(IL oad = 0.4 mA). PA7—PAO, PB7—PBO, PC7—PCO, TCMP1, TCMP2, 
PLMA, PLMB, TDO, SCL 

RESET. 


Input High Voltage oe VIH 
PA7-PAO, PB7—PBO, PC7—PC0O, PD7-PDO, TCAP1, TCAP2, IRO, ~ 
RESET, OSC1, RDI 


Input Low Voltage = 
PA7-PAO, PB7—PBO, PC7-PCO, PD7—PDO0, TCAP1, TCAP2, IRQ, 
RESET, OSC1, RDI 









Supply Current (see Notes) 
RUN (SM =0) . 
RUN (SM =1, teyc = 8 us) 
WAIT (SM =0) 
WAIT (SM=1, teyc =8 ps) 
STOP 
0 to 70 (Standard) 
- 40 to 85 (Extended) - 
—40 to 125 (Automotive) 





'O Ports Hi-Z Leakage Current 
PA7—PAO, PB7-PBO, PC7—PCO, TDO, RESET, SCLK 


Input Current 
IRQ, TCAP1, TCAP2, OSC1, RDI 
PD7/AN7-PDO/ANO (A/D off) 
PD7/AN7-PDO/ANO (A/D on) 


| Gapdekance 

Ports (as Input or Output), RESET, TDO 
TDO, SCLK 

IRQ, TCAP1, TCAP2, OSC1, RDI 
PD7/AN7-—PDO/ANO (A/D off) 
PD7/AN7-PDO/ANO (A/D on) 





NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait Ipp: Only timer system active (TE =RE=0). If SCI active (TE=RE=1) add 10% current draw. 
4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fogc¢ =4.0 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, C_ =20 pF on OSC2. 
5. Wait, Stop Ipp: All ports configured as inputs, Vii =0.2 V, ViH=Vpp—0.2 V. 
6. Wait Ipp ts affected linearly by the OSC2 capacitance. 


TBD — To be determined. 
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A/D CONVERTER CHARACTERISTICS (Vpp =5.0 Vdc + 10%, Vgsg =0 Vdc) 


|Resolution [Number of bits resolved bythe AID | i 
Maximum deviation from the best straight line through the Eee | LSB 
A/D transfer characteristics (VRH =Vpp and Vp, =0 V) 
Quantization Error ___—_—|[ Uncertainty due to converter resolution | 
_—.._ e; 
equivalent of the binary code output code for all errors 
VRH 
VRH Maximum analog reference voltage 


VRL Minimum analog reference voltage Vss~— 0.1 VRH 
Conversion Time 








Total time to perform a single analog to digital conversion 
a. External Clock (XTAL, EXTAL) 
b. Internal RC oscillator 


Monotonicity Conversion result never decreases with an increase in input 
voltage and has no missing codes 

Zero-Input Reading Conversion result when Vin =VRL 

Full-Scale Reading Conversion result when Vin =VRH 


Sample Acquisition Time Analog input acquisition sampling 
(see Note 1) a. External Clock (XTAL, EXTAL) 
b. Internal RC oscillator 


Sample/Hold Capacitance Input capacitance on PD7/AN7-PD0/ANO 


Input Leakage Input leakage on A/D pins PD7/AN7-PDO/ANO, Vert, VRH 
(see Note 2) 


NOTES: 
1. Source impedances greater than 10K ohm will adversely affect internal RC charging time during input sampling. 
2. The external system error caused by input leakage current is approximately equal to the product of R source and input current. 
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CONTROL TIMING a NDD= 5.0 Vdc + 10%, Vgg =0 Vdc, Ta=TL to Ty) 





Characteristic Symbol a 
Frequency of Operation . fosc MHz 
~ Crystal Option | . 
External Clock Option 
Internal Operating Frequency MHz 


Crystal (fosg¢/2) 
External Clock (fog¢/2) 








Cycle Time (see Figure 21) tcyc 


Crystal Oscillator Startup Time (see Figure 21) toxOvV 


= 
Oo 
ne} 


Stop Recovery Startup Time (Crystal Oscillator) tILCH 


External RESET Input Pulse Width (see Figure 21) eee 


Power-On RESET Output Pulse Width _ tPORL 
4064 Cycle Option oe 
16 Cycle Option 


Watchdog RESET Output Pulse Width tDOGL eae er 
Watchdog Time-Out 6144 7168 | - teye 


EEPROM Byte Erase Time tERA 
0 to 70 (Standard) 
‘PROG 
10 


— 40 to 85 (Extended) 

— 40 to 125 (Automotive) 
4.0 
125 


KEE 


i 













EEPROM Byte Programming Time 
0 to 70 (Standard) 

— 40 to 85 (Extended) 

— 40 to 125 (Automotive) 












Timer 

Resolution** 

Input Capture Pulse Width (see Figure 20) 
input Capture Pulse Period (see Figure 20) 


Interrupt Pulse Width (Edge-Triggered) tILIH 125 


Interrupt Pulse Period TLIL 
OSC1 Pulse Width tOH. tOL 


NOTES: 
*The minimum period tiLj_ should not be less than the number of cycle times it takes to execute the interrupt service routine 
plus 21 toye. 
**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 teyc. 





tcyc 









2 3. 
oO (o) 


t 
EXTERNAL J nun —| | nm — a — 
SIGNAL 
(TCAPI, 


TCAP2) 


Figure 20. Timer Relationship 
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CONTROL TIMING (Vpp = 3.3 Vdc + 10%, Vgg =0 Vdc, TA=TL to Ty) 


Characteristic Symbol | Max | 


Frequency of Operation fosc MHz 
Crystal Option 2.0 
External Clock Option dc 2.0 

Internal Operating Frequency fop MHz 
Crystal (fgs¢/2) _ 1.0 
External Clock (fgs¢/2) dc 1.0 


Cycle Time (see Figure 21) 1000 


Crystal Oscillator Startup Time (see Figure 21) toxOv 00 m 


Stop Recovery Startup Time (Crystal Oscillator) ae 
External RESET Input Pulse Width (see Figure 21) 


Power-On RESET Output Pulse Width = 
4064 Cycle Option 4064 
16 Cycle Option 


Watchdog RESET Output Pulse Width tDOGL 


Watchdog Time-Out 6144 aie 
EEPROM Byte Erase Time tERA 
0 to 70 (Standard) 
tPROG 
TBD 
Input Capture Pulse Width (see Figure 20) 
Input Capture Pulse Period (see Figure 20) 


— 40 to 85 (Extended) 

— 40 to 125 (Automotive) 
4.0 teyc 
250 
KH 

Interrupt Pulse Width (Edge-Triggered) tILIH aon? af Sesh =| 

Interrupt Pulse Period TILIL eee 

OSC1 Pulse Width tOH: TOL 0a, ee | 








5 
n ”n 





S 
3 


ow 
= = e 
7) 7) ae) 


teyc 























EEPROM Byte Programming Time 
0 to 70 (Standard) 
— 40 to 85 (Extended) 

~ 40 to 125 (Automotive) 







4 aH 
a oe Huh 










Timer 
Resolution** 







o> long 
oO 53419~C«¢SS 
oO ae aia 


ns 
NOTES: 
*The minimum period ty, |, should not be less than the number of cycle times it takes to execute the interrupt service routine 
plus 21 toye. 


**Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 toye. 
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INTERNAL 
PROCESSOR 
CLOCK* 


INTERNAL 
ADDRESS 
BUS* 
BUS* CODE CODE 


RESET 





Node, 7 


*Internal timing signal and bus information not available externally. 
**QSC1 line is not meant to represent frequency. It is only used to represent time. 
***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 





Figure 21. Power-On Reset and RESET 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MS*’-DOS/PC-DOS disk file (360K) 
EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer's program may be submit- 
ted for pattern generation. The diskette should be clearly 
labeled with the customer's name, data, project or prod- 
uct name, and the name of the file containing the pattern. 

MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola’s 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


EPROMs 


A 2764, 68764, or 68766 type EPROM, programmed 
with the customer’s program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par- 
agraphs. 

For an MC68HC805B6 MCU start the page zero, user 
ROM at EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0800 through $1EFF with 
vectors from $1FFO to $1FFF. All unused bytes, including 
the user’s space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 


MS is a trademark of Microsoft, Inc. 


xxx = Customer ID 


Verification Media 


All origina! pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


_ The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HCO5B6 device. 


Package Type MC Order Number 



















Plastic 0°C to +70°C MC68HCO5B6P 
(P Suffix) — 40°C to +85°C MC68HCO5B6CP 
—40°C to +125°C | MC68HCO5B6EMP 











MC68HCO5BE6FN 
MC68HCO5B6CFN 
MC68HCO5BEMFN 


0°C to + 70°C 
— 40°C to + 85°C 
— 40°C to + 125°C 


PLCC 
(FN Suffix) 





IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 


52-Pin PLCC 


J PDS/ANS 
J PDG/AN6 
3 PD7/AN7 
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48-Pin Dual-in-Line Package 







TOO Cy 1 SCLK 
TCMP2 ( 2 RDI 
TCMP1 CY 3 PCO 

PD5/AN5 CY 4 PC1 
Vai C5 PC2 
Vey CJ 6 PC3 

PD4/AN4 Cj 7 PC4 
Vop CY 8 PC5 

9 


PD3/AN3 
PD2/AN2 ( 


PC6 
PC7 


PD1/AN1 ( Vss 
PDO/ANO CI VPP1 
0Sci PBO 
0SC2 PB1 
RESET PB2 


{ROG PB3 
PLMA D/A PB4 


PLMB D/A (J PB5 
TCAP! PB6 
TCAP2 (4 PB7 





PA7 PAO 
PA6 CO PAI 
PAS PA2 
PA4 OD PA3 
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Technical Summary 
8-Bit Microcontroller Unit 


The MC68HC05C2 (HCMOS) soictocontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro- 
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 





@ On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 
@ Memory-Mapped I/O 
@ 176 Bytes of On-Chip RAM 
@ 2096 Bytes of User ROM 
@ 24 Bidirectional 1/O Lines and 7 Input-Only Lines 
@ Self-Check Mode ~< 
@ Power-Saving STOP, WAIT, and Data Retention Modes 
@ Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 
@ Fully Static Operation 
@® 8x8 Unsigned Multiply Instruction 
BLOCK DIAGRAM 
TCMP OSC1 OSc2 


Internal 


Internal 
Processor . 
TCAP Timer Clock Oscillator }—®Processor 
System and Clock 
—-?2 ESE 


iRO 














DD 
4 





PAO PCO 
PAI Accumulator ; | PCi 
PA2 
Port CPU PC2 
Lines pAS Reg | Reg Reg PC5 
PAG eon ae 
PA7 Code SCT 
Register pc? 
PBO Stack PDO 
PBI Pointer PDI 
Port pB2 Program PD2 
B PB3 Port | Data Counter . Port D EDs 
1/0 PB4 B Dir High ALU or PD4 
Lines PBS Reg | Reg Program PDS 
PB6 Counter PD? 
PB7 Low 


2096 x8 176x8 Internal 
ROM Static Processor 
RAM Clock 
240 x 8 
Self-Check 
ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


The signal descriptions of the MCU are discussed in 
the following paragraphs. 


Vpp AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vpp is the positive supply, and Vss is ground. 


IR 


This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 


OSC1, OSC2 


These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
Capacitor combination, or an external signal connects to 





these pins providing a system clock. A mask option se- 
lects either a crystal/ceramic resonator or a resistor/ca- 
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
R and fosc is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vpp 
specifications. 


Ceramic Resonator 


Jaa mnie] Units 









(a) Crystal/Ceramic Resonator Parameters 





(b) Crystal/Ceramic Resonator 
Oscillator Connections 





(d) RC Oscillator Connections 


L Cl Rg 
OSC2 OSC] 
38 39 
Co 
38 I 39 


(c) Equivalent Crystal Circuit 





Unconnected 


External Clock 


(e) External Clock Source Connections 
(For Crystal Mask Option Only) 


Figure 1. Oscillator Connections 
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Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


Ceramic Resonator 

A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 


External Clock 


An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal os- 
cillator mask option. 


INPUT CAPTURE (TCAP) 
This pin controls the input capture feature for the on- 
chip programmable timer. 


OUTPUT COMPARE (TCMP) 
This pin provides an output for the output compare 
feature of the on-chip timer. 


RESET 


This pin is used to reset the MCU and provide an or- 
derly start-up procedure by pulling RESET low. 


INPUT/OUTPUT PORTS (PA0-PA7, PB0-PB7, PC0-PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 


FIXED INPUT PORT (PDO-PD5, PD7) 
These seven lines comprise port ©, a fixed input port. 
Refer to PROGRAMMING for additional information. 


PROGRAMMING 


Input/output port programming and fixed input port 
programming are discussed in the following paragraphs. 


INPUT/OUTPUT PORT PROGRAMMING 

Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
Output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 


Table 1. I/O Pin Functions 
| pwe | por | /O Pin Functions 
The I/O pin is in input mode. Data is 
written into the output data latch. 
aes Data is written into the output data latch 


and output to the I/O pin. 


oe a ae ae The state of the I/O pin is read. 


1 1 The I/O pin is in an output mode. The 
output data latch is read. 


*R/W is an internal signal. 








FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port (PDO-PD5, PD7) that monitors 
the external pins. To avoid spurious interrupts and erratic 
operation of port D, memory accesses to unused loca- 
tions $000A through $0011 must not be performed. 


NOTE 


Any unused inputs and I/O ports should be tied to 
an appropriate logic level (e.g., either Vpp or Vss). 


MOTOROLA MICROPROCESSOR DATA 
3-794 





MC68HC05C2 


Data Direction 
Register 
Bit 









Latched 
Output Data 
Bit 


Internal 
MCU 
Connections 










Figure 3. Typical Port |/O Circuit 


MEMORY 


The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. The user-defined reset and interrupt 
vectors are located from $1FF4 to $1FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 


eae eee 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


~ 
So 


7 


er aes 


[om] 


PROGRAM COUNTER (PC) 


The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 


12 0 


STACK POINTER (SP) 


The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $00CO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 


12 0 


ij 
ofojofofojifry se 


CONDITION CODE REGISTER (CCR) 


The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 


CCR 


pH} itn] z |e | 


Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 
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$0000 -0000 . 
1/0 7 Bytes 
32 Bytes 
$001 F 0031 Unused 
$0020 \0032 11 Bytes 
User \ 
ROM \ 
48 Bytes \ 
$0050 0080 \ 10 Bytes 
RAM 
176 Bytes Causes 
4 Bytes 
SOOBF 0191 
$00CO 0192 
SOOFF 0255 
$0100 0256 
User © 
ROM 
2048 Bytes 
$O8FF 4351 
$0900 4352 
_ Unused 
> 5632 Bytes 
STEFF . 7936 
$1FO0O | 7936 
Self Check 
SIFDFL 
$1FEO 
Self-Check 
Vectors 256 Bytes 
SIFEF 8175 
a 2 
S1FF3 eyes 8179 


S1FF4 User 8180 
‘Vectors 


S1TFFF 12 Bytes 8191. 











$00 
$01 
$02 
$03 



























$13 
$14 
$15 
$16 
$17 — 
$18 
$19 
SIA 
$1B 
$1C 
$1D 
S1E 
S1F 


Unused 


Timer Status Register 






Figure 4. Memory Map 


Interrupt (1) 


When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 


Zero (Z) 
When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 


last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 


SELF-CHECK 


The self-check capability provides the ability to deter- 
mine if the device is functional. Self-check is performed 
using the circuit shown in Figure 5. Port C pins PCO-PC3 
are monitored for the self-check results. After reset, the 
following seven tests are performed automatically: 

I/O — Exercise of ports A, B, and C 

RAM — Counter test for each RAM byte 

ROM — Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks OCF flag 
Interrupts — Tests external, and timer interrupts 

Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 
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LL 20 


NOTE: The RC Oscillator Option may also be used in this circuit. 


Figure 5. Self-Check Circuit Schematic Diagram 


Table 2. Self-Check Results 


1 {Bad I/O 














[Pcs | pce | por | Poo. 
Sees ee 
1 | o | 1 | o [Bad Ram 
pe pt eettings 
pa ft f}o fs [padkom 
| 1 | 1 | 1 | 4 [Bad interrupts or RG Request| 


All Others Bad Device, Bad Port C, etc. 


0 indicates LED is on; 1 indicates LED is off. 





TIMER TEST SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1FOE. The output 
compare register is first set to the current timer state. 
Because the timer is free running and has only a divide- 
by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 


checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com- 
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon return to the user's pro- 
gram, X=40. If the test passed, A=0. 


ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1F93 with RAM 
location $0053 equal to $01 and A=0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user’s program, 
X=0. If the test passed, A=0. 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 
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POWER-ON RESET (POR) 


An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cycle (teyc) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 4046 teyc, the MCU will remain in the 
reset condition until RESET goes high. 


EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (teyc). 





INTERRUPTS 


The MCU can be interrupted three different ways: the 
two maskable hardware interrupts (IRQ and timer) and 
the nonmaskable software interrupt instruction (SWI). 

_ Interrupts cause the processor to save register contents 

on the stack and to set the interrupt mask (| bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 6. | 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is the one already fetched 
and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

lf both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 








R 
E 
Increasing Memory | T 
Addresses U 
R} o| 
4 
Unstack 


1 Condition Code Register 
Index Register 


PCL 


‘TIMER INTERRUPT 


There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer. control register (TCR). 
Refer to TIMER for more information. 


EXTERNAL INTERRUPT 


If the interrupt mask bit (| bit) of the CCR is set, all 
interrupts are disabled. Clearing the | bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1FFA and $1FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 
serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 
time (tiLjL) is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines ‘“wire-ORed” to form 
the interrupts at the processor. If the interrupt line re- 
mains low after servicing an interrupt, then the next in- 
terrupt is recognized. 


NOTE 


The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the | bit is cleared. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 


0 Stack 


Decreasing Memory 
Addresses 
PCH 


4Aveowwmwmaz— 


NOTE: Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc. Pulling from the stack is 


in the reverse order. 


Figure 6. Interrupt Stacking Order 
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RESET 










Clear IRO 
Request 
Latch 







iRG 
External 
Interrupt 








Stack 
PC, X, A, CC 








Timer 
Internal 
Interrupt 














Load PC from: 
SWI:$1FFC-$1FFD 
IRQ: S1FFA-$1FFB 

Timer: $1FF8-$1FF9 





Fetch 
Next 
Instruction 













Complete 
Interrupt 
Routine 
and Execute 
RTI 









Execute 
Instruction 






Figure 7. Reset and Interrupt Processing Flowchart 
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Level- Sensitive Trigger 












Mask Option 


Interrupt Pin 


External 
interrupt 
Request 


| Bit (CC) 


Power-On Reset 


External Reset 


External Interrupt 
Being Serviced (Vector Fetch) 


(a) Interrupt Internal Function Diagram 


ro —] tu | 


Edge-Sensitive Trigger Condition 
The minimum pulse width (ti, }}) is either 
125 ns (Vpp =5 V) or 250 ns (Vpp=3 V). 
The period ti,|, should not be less than 
the number of tcyc cycles it takes to ex- 
ecute the interrupt service routine plus 21 
teyc cycles. 


Level-Sensitive Trigger Condition 
if after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is 
recognized. 


Normally 
Used with 
Wire-ORed 
Connection 


(b) Interrupt Mode Diagram 


Figure 8. External Interrupt 


LOW-POWER MODES 


STOP 


The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The | bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 






WAIT 


The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action is suspended, 
but the timer remains active (refer to Figure 10). An in- 
terrupt from the timer can cause the MCU to exit the WAIT 
mode. 

During the wait mode, the | bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 


DATA RETENTION MODE 


The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 


MOTOROLA MICROPROCESSOR DATA 
3-800 





MC68HC05C2 












Stop Oscillator 
And All Clocks 


Clear | Bit 


Yes 









External 
Interrupt 
(JRQ) 


Turn On Oscillator 
Wait for Time 
Delay to Stabilize 


(1) Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack 

b. Set | Bit 

c. Vector to Interrupt 
Routine 








Figure 9. STOP Function Flowchart 


data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 





TIMER 


The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 
several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. | 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 


NOTE 


The | bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 


COUNTER 


The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18-$19 (counter register) or 
$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1B) receives the count value at the time of the read. 
If a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 


OUTPUT COMPARE REGISTER 


The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. | 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
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Oscillator Active 
Timer 
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Processor Clocks Stopped 


Reset 







External 
Interrupt 
(IRQ) 














Restart 
Processor Clock 


(1) Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack 

b. Set | Bit 

c. Vector to Interrupt 
Routine 





Timer 
Interrupt 


Figure 10. WAIT Function Flowchart 


level (OLCL) bit is clocked to an output level register. The 
output compare register values.and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. . 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whether the output compare flag (OCF) 
is set or clear. 


INPUT CAPTURE REGISTER 


Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 
free-running counter value that corresponds to the most 
recent input capture. 
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Figure 11. Timer Block Diagram 


After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 


TIMER CONTROL REGISTER (TCR) $12 


The TCR is a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 


7 6 5 4 3 2 1 0 
[ioe | ocie | roe | o | o | 0 | soo | om | 


RESET: 


0 0 0 0 0 0 U 0 


ICIE — Input Capture Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
OCIE — Output Compare Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
TOIE — Timer Overflow Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
IEDG — Input Edge 
Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 
1= Positive edge 
0= Negative edge 
Reset does not affect the IEDG bit (U = unaffected). 
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OLVL — Output Level | : 
Value of output level is clocked into output level reg 
ister by the next successful output compare and will 
appear on the TCMP pin 7 | 
~ 1=High output | 

0=Low output 
Bits 2, 3, and 4 — Not used 
Always read zero 


TIMER STATUS REGISTER (TSR) $13 - 


The TSR is a read-only register containing three status 
flag bits. a 


7 6 5 4 3 2 ic 302 
| icr | ocr | ror] o | o | o | o | o | 
RESET: 

U U U 0 0 0 0 0 


ICF — Input Capture Flag 
1 =Flag set when selected polarity edge is sensed by 
input capture edge detector 
0 = Flag cleared when TSR and input capture low reg- 
ister ($15) are accessed 
OCF — Output Compare Flag 
1=Flag set when output compare register contents 
match the free-running counter contents 
0=Flag cleared when TSR and output compare low 
register ($17) are accessed | 
TOF — Timer Overflow Flag | 
1 = Flag set when free-running counter transition from 
$FFFF to $0000 occurs 
0=Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 


Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: . 

1) The timer status register is read or written when 

TOF is set, and 

2) The LSB of the free-running counter is read but not 

for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. 


TIMER DURING WAIT MODE 


The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 


TIMER DURING STOP MODE 


In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 


RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 


| _ the TCAP pin, the input capture detect circuit is armed. 


This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc- 
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 


INSTRUCTION SET 


The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 


X:A X*A 


Multiplies the eight bits in the index register 


by the eight bits in the accumulator to obtain 
Condition 
















a 16-bit unsigned number in the concatenated 
accumulator and index register 


H: Cleared 

1: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 





Addressing 
Mode 
Inherent 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and. 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 


Load Afrom Memory . 
Load X from Memory = 











— Continued 
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| Function | Mnemonic 
[Exclusive OR Memory with | EOR 
| Bit Test Memory with A (Logical Compare) | BIT _| 
[Jump to Subroutine | SR 


READ-MODIFY-WRITE INSTRUCTIONS 

These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


UB 
BC 
ND 
RA 
MP 
PX 
BIT 
MP 
JSR 














Decrement 


[Mnemonic 
[Rotate Right Thru Carry [ROR 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 


[Function | Mnemonic 
BRSET n(n=0...7 
BRCLR n (n=0. ..7) 
BSET n (n=0...7 
BCLR n (n=0...7) 












BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 


Branch Always 

Branch Never 

Branch if Higher 

Branch if Lower or Same 


Branch if Carry Clear 


Branch if Higher or Same BHS 
Branch if Carry Set . BCS 
Branch if Lower BLO 


Branch if Not Equal 
Branch if Equal 

Branch if Half Carry Clear 
Branch if Half Carry Set 
Branch if Plus 

Branch if Minus | BMI | 
Branch if Interrupt Mask Bit is Clear 
Branch if Interrupt Mask Bit is Set | BMS | 
Branch if Interrupt Line is Low 
Branch if Interrupt Line is High 

Branch to Subroutine 





CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 


gram execution. Refer to the following list for control 


instructions. 


Function ; | Mnemonic 
Transfer A to X 
Transfer X to A 
Set Carry Bit 
Ciear Carry Bit 7 
Set Interrupt Mask Bit _ 
Clear Interrupt Mask Bit 


Software Interrupt 


Return from Subroutine 
Return from Interrupt 
Reset Stack Pointer 
No-Operation 


| NOP 
Stop | |_stor_| 
| war | 


Wait 


OPCODE MAP SUMMARY 


Table 3 is an opcode map for the instructions used on 
the MCU. 
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Table 3. Opcode Map 


Read/ [Write 


at 


ASRA 
ROLA 


5 


BRSET? BSET? oe 
BRCLAT | BCLAI jai | cl 
BSC | 2 


Abbreviations for Address Modes 
INH Inherent. 
A - Accumulator 
x Index Register 
IMM Immediate 
DIR Direct 
EXT Extended 
REL Relative 
BSC Bit Set/Clear 
BTB Bit Test and Branch 
Ix Indexed (No Offset) 
- (x1 _ Indexed, 1 Byte (8-Bit) Offset 
1X2 indexed, 2 Byte (16-Bit) Offset 


INH 
{NH 


Mnemonic 
Bytes 


Cycles 


1X2 


2 





IX1 





Opcode in Hexadecimal 


Opcode in Binary 


Address Mode 
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ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 


applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 


memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. | | . 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from — 125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS (Voltages referenced to Vss) 


___Ratog 
Supply Voltage -0.3 to +7.0 


Input Voltage Vss —0.3 to 
Vpp +0.3 
Self-Check Mode (IRO Pin Only) Vss—0.3 to 
2xVpp + 0.3 
Current Drain Per Pin Excluding 
Vpp and Vss 


















This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that Vin and Voyt be 
constrained to the range Vss < (Vjn or Vout) <= 
Vpp. Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e.g., either Vss or Vpp). 









Operating Temperature Range TL to Ty 
MC68HCO05C2P, FN 0 to +70 
MC68HCO5C2CP, CFN —40 to +85 
MC68HCO5C2VP, VFN —40 to +105 
MC68HCO5C2MP, MFN —40 to +125 


THERMAL CHARACTERISTICS 


Symbol 


Thermal Resistance 







°C 


Plastic 
Plastic Leaded Chip Carrier (PLCC) 





POWER CONSIDERATIONS 
The average chip-junction temperature, Ty, in °C can For most applications PVO<PINT and can be neglected. 
be obtained from: The following is an approximate relationship between 
Ty=Tat (Pp 8a) ; (1) Pp and Ty (if Pio is neglected): 
where: | | | Pp=K+(Ty+273°C) (2) 
TA = Ambient Temperature, °C Solving equations (1) and (2) for K gives: 
0j4 = Package Thermal Resistance, | K=Pp° (Ta + 273°C) + by ArPD2 (3) 
Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. K 
Pp = Pintt+Pro can be determined from equation (3) by measuring Pp 
PINT =!cec*Vcc, Watts — Chip Internal Power (at equilibrium) for a known Ta. Using this value of K, 
Pvo = Power Dissipation on Input and Output the values of Pp and T j can be obtained by solving equa- 
Pins — User Determined tions (1) and (2) iteratively for any value of Ta. 
Vpp =4.5 V 


















PAO-PA7, 3.26 kO | 2.38k0 | 50 pF 

PBO-PB7, Vop 

PCO-PC7, 

PD1-PD4 o 

PDO, PDS, PD7| 1.9k0 | 2.26kQ | 200 pF (See Table) 
Test 
Point 

Vpp =3.0 V : oe 


Table) 





PAO-PA7, 
PBO-PB7, 
PCO-PC7, 


10.91 kQ | 6.32kO | 50 pF 
PD1-PD4 7 


Figure 12. Equivalent Test Load 
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DC ELECTRICAL CHARACTERISTICS 
(Vpp=5.0 Vdc + 10%, Vgg =0 Vdc, Ta=T| to Ty, unless otherwise noted) 


| haractoristic | Symbol | 


Output Voltage, Ii oad<10.0 nA 
VOH 
Output High Voltage VOH 
(Load = 0.8 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 13) 
(ILoad= 1.6 mA) PD1-PD4 (see Figure 14) 
Output Low Voltage (see Figure 15) VOL 
(ILoad = 1.6 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 
input High Voltage eat VIH 0.7xVpp 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 
“Paget at baie 
2.0 


PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 


VIL 
RESET, OSC1 
Vam | 20 
Supply Current (see Notes) 
Run (see Figures 16 and 17) 
Wait (see Figures 16 and 17) 
Stop (see Figure 17) 
25°C 
0° to 70°C (Standard) 
— 40° to +85°C 
— 40° to + 125°C 
aha 




























































Data Retention Mode (0° to 70°C) 
/O Ports Hi-Z Leakage Current 
PAQ-PA7, PBO-PB7, PCO-PC7, PD1-PD4 
Input Current 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


Capacitance 
Ports (as Input or Output) Cout 
RESET, !RQ, TCAP, PDO-PD5, PD7 Cin 


NOTES: 

. All values shown reflect average measurements. 

. Typical values at midpoint of voltage range, 25°C only. 

. Wait Ipp: Only timer system active (SPE =TE =RE=0). If SPI, SCI active (SPE =TE=RE=1) add 10% current draw. 

. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fosc=4.2 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, Cj = 20 pF on OSC2. 

. Wait, Stop Ipp: All ports configured as inputs, Vip =0.2 V, ViH=Vpp — 0.2 V. 

. Stop IpDp measured with OSC1=Vss. 

. Standard temperature range is 0° to 70°C. Extended temperature versions and a 25°C only version are available. 

. Wait Ipp is affected linearly by the OSC2 capacitance. 
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DC ELECTRICAL CHARACTERISTICS 
(Vpp =3.3 Vdc +0.3 Vdc, Vgg=0 Vdc, TA=TL to Ty, unless otherwise noted) 


Output Voltage, I_oaq<10.0 pA 


Output High Voltage 
(ILoad =0.2 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 13) 
(ILoad = 1.6 mA) PD1-PD4 (see Figure 14) 


Input High Voltage raen 
PAQ-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


Input Low Voltage ees 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


Data Retention Mode (0° to 70°C) 


Supply Current (see Notes) 
Run (see Figures 16 and 18) 
Wait (see Figures 16 and 18) 
Stop (see Figure 18) 

25°C 

0° to 70°C (Standard) 
—40° to +85°C 

—40° to + 125°C 


\/O Ports Hi-Z Leakage Current 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 


Input Current | 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


Capacitance 


Ports (as Input or Output) 
RESET, IRQ, TCAP, PDO-PD5, PD7 





NOTES: 

. All values shown reflect average measurements. 

. Typical values at midpoint of voltage range, 25°C only. 

. Wait Ipp: Only timer system active (SPE = TE =RE =0). If SPI, SCI active (SPE=TE=RE=1) add 10% current draw. 

. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fos¢=4.2 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 

. Wait, Stop Ipp: All ports configured as inputs, Vj, =0.2 V, Vi7=Vpp—0.2 V. 

. Stop Ipp measured with OSC1=Vss. 3 . 

. Standard temperature range is 0° to 70°C. Extended temperature versions and a 25°C only version are available. 

. Wait Ipp is affected linearly by the OSC2 capacitance. 
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HoH] (mA) 





Vpp-VOH (Volts) 


Figure 13. Typical VOH vs IQH for Ports A, B, C, and TCMP 


loH| (mA) 





Vpp-VOH (Volts) VoL (Volts) 


Figure 14. Typical Vow vs IOH for PD1-PD4 Figure 15. Typical Vo. vs loL for All Ports 
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(3.5 mA) 
3.5 


(2.9 mA) 
RUN 
(OPERATING) Fi 
MODE 
/ 
[ok ‘A 





3.0 





2.5 







2.0 
<q / < 
ay J | 
(a) Qa 
3 / E 
1.5 r 
1.0 y, 
0.5 V 





a 


0 0.5 1.0 1.5 2.0 0 
Internal Frequency 1/tcycle (MHz) 





0.5 1.0 1.5 
Internal Frequency 1/tcycle (MHz) 


2.0 


Figure 16. Typical Current vs Internal Frequency for Run and Wait Modes 
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IDD (mA) 





Internal Frequency (MHz) 


Figure 17. Maximum Ipp vs Frequency for Vpp =5.0 Vde 


(2.5 mA) 
Vpp=3.3 V+ 10% 


Ipp (mA) 


Stop Ipp (80 pA, 0°- eciiicial 





Internal Frequency (MHz) 


Figure 18. Maximum Ipp vs Frequency for Vpp =3.3 Vdc 
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CONTROL TIMING | 
(Vpp =5.0 Vdc = 10%, Vsgg =0 Vde, TA=TL to TH) 


Characteristic 


Frequency of Operation 
Crystal Option 
External Clock Option 


Internal Operating Frequency 
Crystal (fos¢ +2) 
External Clock (fos¢ = 2) 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 19) 


RESET Pulse Width (see Figure 21) : 


Timer 
Resolution** 
Input Capture Pulse Width (see Figure 20) 
Input Capture Pulse Period (see Figure 20) ; 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tLIH 


Interrupt Pulse Period (see Figure 8) TILIL 
OSC1 Pulse Width tOH. tOL 


*The minimum period tL, should not be less than the number of cycle times it takes to execute the interrupt service routine plus 


**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the 


timer resolution. 
***The minimum period tT_T_ should not be less than the number of cycle times it takes to execute the capture interrupt service 


routine plus 24 teyc. 





osc} 





IRO2 


tILCH 4064 'toyc 


Internal | | | | | | | | | | | | | 
Clock | 
Internal 
see XXXKKKXKKKKEKX KX KK) 
RESET or Interrupt 
NOTES: Vector Fetch 
ts Represents the internal gating of the OSC1 pin. 
2. 'RQ pin edge-sensitive mask option. 


3. IRQ pin level and edge-sensitive mask option. 
4. RESET vector address shown for timing example. 









Figure 19. Stop Recovery Timing Diagram 
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CONTROL TIMING 
(Vpp =3.3 Vdc + 0.3 Vdc, Vgg =0 Vdc, Ta=TL to Ty) 


Frequency of Operation fosc 
Crystal Option 
External Clock Option 


Internal Operating Frequency fop 
Crystal (fosc + 2) 
External Clock (fos¢ + 2) 
Cycle Time (see Figure 21) 
Crystal Oscillator Startup Time (see Figure 21) toxOVv _— 100 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 19) tiLCH 100 
RESET Pulse Width — Excluding Power-Up (see Figure 21) 


Timer 
Resolution** 


Unit 


S | 

oO 
NN 
oo 





jor 
oO 


MHz 





3 
7) 


NO 
Oo oO 


Input Capture Pulse Width (see Figure 20) 
Input Capture Pulse Period (see Figure 20) sida 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tILIH 2 
Interrupt Pulse Period (see Figure 8) tILIL 





+ - - laa 

oO °° :30 Q 
as 

io) QO OQ oO 


50 
200 





OSC1 Pulse Width tOH. tOL 


*The minimum period tj}, should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
**Since a 2-bit prescaler in the timer must count four internal cycles (tceyc), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 teyc. . 





ae | (TH a | UL = 
External 


Signal 
(TCAP 
Pin 37) 





Figure 20. Timer Relationships 
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'VDDR 
| 
| 
VDD | Vpp Threshold (1-2 V Typical) 


) ITIL TTT | 





OSC1** —7~ 
Itoxov 4064 toyc 
| | | 
" | re tcyc 
{ 
Internal 
Processor 
Clock * 





Internal 
Address 
Bus* 





Internal 
Data Op Op 
Bus* Code Code 
: tRL : 
~~ RESET 


* Internal timing signal and bus information not available externally. 
*#*OSC1 line is not meant to represent frequency. It is only used to represent time. 
***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 


Figure 21. Power-On Reset and RESET 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS™, disk file 

MS®-DOS/PC-DOS disk file (360K) 

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer’s name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite ithe process 
in case of any difficulty with the pattern file. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


A 2764, 68764, or 68766 type EPROM, programmed 
with the customer's program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par- 
agraphs. 

For an MC68HC805C4 MCU start the page zero, user 
ROM at EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0100 through $08FF with 


vectors from $1FF4 to $1FFF. All unused bytes, including | 


the user’s space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 





xxx = Customer ID 


Verification Media 


All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HC05C2 device. 


Package Type MC Order Number 


Plastic 0°C to + 70°C 
(P Suffix) 


MC68HC05C2P 
MC68HCO5C2CP 
MC68HCO5C2VP 
MC68HCO5C2MP 


— 40°C to +85°C 
—40° to + 105°C 
— 40°C to +125°C 


PLCC 0°C to + 70°C MC68HCO5C2FN 
(FN Suffix) — 40°C to +85°C | MC68HCO5C2CFN 
— 40°C to +105°C | MC68HCO5C2VFN 

—40°C to + 125°C | MC68HCO5C2MFN 


IBM is a registered trademark of International Business Machines Corporation. 





MOTOROLA MICROPROCESSOR DATA 
3-817 





MC68HC05C2 


PIN ASSIGNMENTS 


40-PIN DUAL-IN-LINE PACKAGE 


_ 


Oo O©OnN Oo oO fF W DN 


10 


~_- — 
No —_— 





44-LEAD PLCC PACKAGE 


—" 





NOTE: Bulk substrate tied to Vss. 
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TECHNICAL DATA MC68HC05C3 


Technical Summary 
8-Bit Microcontroller Unit 


The MC68HC05C3 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro- 
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The foiiowing biock diagram depicts the hardware features; additionai features avaiiabie on the 
MCU are as follows: 

@ On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 
Memory-Mapped 1|/O 
176 Bytes of On-Chip RAM 
2096 Bytes of User ROM 
24 Bidirectional I/O Lines and 7 Input-Only Lines 
Serial Communications Interface (SCI) System 
Serial Peripheral Interface (SP!) System 
Self-Check Mode 
Power-Saving STOP, WAIT, and Data Retention Modes 
Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 
Fully Static Operation 
8 x 8 Unsigned Multiply Instruction 
















BLOCK DIAGRAM 
TCMP OSC1 OSC2 
Internal internal 
TCAP Timer oe Oscillator Processor 
System and Clock yerTend 
+? RESET 
iRO 
PAO PCO 
PAI Accumulator PCI 
PA2 
Port PC2 
A PA3 Port | Data index Data | Port PC3 in 
1/0 PA4 A Dir Register ot S PC4 1/0 
nee PAS Reg Reg Reg | Reg PC5 : 
PA6 Condition PCE Lines 
PA7 Code PC7 
Register 
PBI Pointer 
SCI RDt (PDO) 
Port PB2 Program TDO (PD1) 
B PB3 Port | Data Counter MISO (PD2) 
1/0 PB4 B Dir High MOSI (PD3) 
Lines PbS Reg | Reg Program SPI SCK (PD4) 
PBO Counter SS (PD5) 
PB? Low gS 






Baud Rate 
Generator 
ROM tatic 
RAM ci 
240 x 8 2 


Self-Check 
ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


The signal descriptions of the MCU are discussed in 
the following paragraphs. | 


Vpp AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vpp is the positive supply, and Vss is ground. 


IRO 


This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 


OSC1, OSC2 


These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 
these pins providing a system clock. A mask option se- 
lects either a crystal/ceramic resonator or a resistor/ca- 
pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 





RC Oscillator 
- With this option, a resistor is connected to the oscillator 


pins as shown in Figure 1(d). The relationship between 


_ Rand fogc is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1(b) is recommended when 


_ using a crystal. Using an external CMOS oscillator is rec- 
~ommended when crystals outside the specified ranges 


are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vpp 
specifications. . 


Ceramic Resonator 


A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 


Ceramic Resonator 





(a) Crystal/Ceramic Resonator Parameters 







OSC1 
39° Rp 


aaa T ne 


(b) Crystal/Ceramic Resonator 
Oscillator Connections 





(d) RC Oscillator Connections 


L Cy Rs 
OSC2 OSC] 
38 39 
Co 
38 uf 39 


(c) Equivalent Crystal Circuit 





Unconnected 


External Clock 


(e) External Clock Source Connections 
(For Crystal Mask Option Only) 


Figure 1. Oscillator Connections 
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Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


should be consulted for specific information on resonator 
operation. 


External Clock 


An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal os- 
cillator mask option. 


INPUT CAPTURE (TCAP) 


This pin controls the input capture feature for the on- 
chip programmable timer. 


OUTPUT COMPARE (TCMP) 


This pin provides an output for the output compare 
feature of the on-chip timer. 


RESET 


This pin is used to reset the MCU and provide an or- 
derly start-up procedure by pulling RESET low. 





INPUT/OUTPUT PORTS (PA0-PA7, PBO-PB7, PCO-PC7) 


These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 


FIXED INPUT PORT (PDO-PD5, PD7) 


These seven lines comprise port D, a fixed input port. 
All special functions that are enabled (SPI, SCI) affect this 
port. Refer to PROGRAMMING for additional information. 


PROGRAMMING 


Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 


INPUT/OUTPUT PORT PROGRAMMING 


Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 


Table 1. I/O Pin Functions 


por | /O Pin Functions . 
The I/O pin is in input mode. Data is 

written into the output data latch. 

1 Data is written into the output data latch 
and output to the I/O pin. 
1 The state of the I/O pin is read. 
The I/O pin is in an output mode. The 
output data latch is read. 


*R/W is an internal signal. 













FIXED INPUT PORT PROGRAMMING 


Port Dis a fixed input port (PDO-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disabled. For example, 
with the SCI enabled, PDO and PD1 inputs will read zero. 
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Data Direction | 
Register _ 
- Bit 






Latched 


internal Output Data 


MCU 
Connections 


Figure 3. Typical Port I/O Circuit 


With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time of the read operation. 


NOTE 


Any unused inputs and I/O ports should be tied to 
an appropriate logic level (e.g., either Vpp or Vss). 


SERIAL PORT (SCI AND SP!) PROGRAMMING 


The SCI and SPI use the port D pins for their functions. 
The SCI requires two pins (PDO-PD1) for its receive data 
input (RDI) and transmit data output (TDO), respectively. 
The SPI function requires four of the pins (PD2-PD5) for 
its serial data input/output (MISO), serial data output/ 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 


MEMORY 


The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and 1/O. The user-defined reset and interrupt 
vectors are located from $1FF4 to $1FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the sepieiet described in the fol 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 


rj 0 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. . 


7 0 


er eee 


PROGRAM COUNTER (PC) 


The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 


12 0 


STACK POINTER (SP) 


The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $00CO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
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$0000 










1/O 
32 Bytes 


$001F 
$0020 


$004F 
$0050 Serial Peripheral 
Interface 
\ 3 Bytes 














RAM 











176 Bytes \ 
\ Serial 
SOOBF 0191 Communications 
$00CO 0192 Interface 
5 Bytes 
SOOFF 0255 
$0100 0256 
User 
ROM 
2048 Bytes 
$0BFF 2303 
$0900 2304 
Unused 
5632 Bytes 
SIEFF 7935 
$1F00 7936 
Self Check 
$1FDF ee et 
$1FEO 
Self-Check 
Vectors 256 Bytes 
$1FEF 8175 
= = 
SIFFS eds 8179 
S1FF4 User 8180 
Vectors 
$1FFF 12 Bytes 8191 








[Set Poert Conve Feaiter —_| 
[AteroteCountertow Regier 


Unused 
































Figure 4. Memory Map 


wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 

12 7 


0 
jofofofolofijyf se 


CONDITION CODE REGISTER (CCR) 


The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 


CCR 


patidnfzie 
Half Carry (H) 


This bit is set during ADD and ADC operations to in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 

When this bit is set, the timer and external interrupt is 
masked (disabled). If an interrupt occurs while this bit is 
set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 


Negative (N) 

When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 


Zero (2) 
When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was zero. 


Carry/Borrow (C) 

When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions and during shifts and 
rotates. 
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SELF-CHECK 


The self-check capability provides the ability to deter- 
mine if the device is functional. Self-check is performed 
using the circuit shown in Figure 5. Port C pins PCO-PC3 
are monitored for the self-check results. After reset, the 
following seven tests are performed automatically: 

1/0 — Exercise of ports A, B, and C 

RAM — Counter test for each RAM byte 

ROM — Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks OCF flag 
Interrupts — Tests external, timer, SCl and SPI in- 


terrupts 
SCI — Transmission test; checks RDRF, TDRE, TC, 
and FE flags 
SPI — Transmission test; checks SPIF, WCOL, and 
MODF flags 


Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 


TIMER TEST SUBROUTINE | 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1FOE. The output 
















PA4 
PA3 
PA2 
PAI 


inna 
10k | | aa ; 
| | | 


NOTE: The RC Oscillator Option may also be used in this circuit. 
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~ compare register is first set to the current timer state. 


Because the timer is free running and has only a divide- 
by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 
checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com- 
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon return to the user’s pro- 
gram, X=40. If the test passed, A=0. 


ROM CHECKSUM SUBROUTINE 

This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1F93 with RAM 
location $0053 equal to $01 and A=0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user’s program, 
X=0. If the test passed, A=0. 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
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Figure 5. Self-Check Circuit Schematic Diagram 
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Table 2. Self-Check Results 


Remarks 


1 | Bad I/O 


0 [BadRAM 
Bad Timer 


Bad SCI 


: 
vi fo fear 


Bad Interrupts or IRQ Request 


All Others Bad Device, Bad Port C, etc. 


0 indicates LED Is on; 1 indicates LED 's off. —— 
consists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 








POWER-ON RESET (POR) 


An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset Is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cycle (teyc) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 4046 teyc, the MCU will remain in the 
reset condition until RESET goes high. 


EXTERNAL RESET INPUT 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (teyc). 





INTERRUPTS 


The MCU can be interrupted five different ways: the 
four maskable hardware interrupts (IRQ, SPI, SCI, and 
timer) and the nonmaskable software interrupt instruc- 
tion (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (! bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
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processing to resume. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is the one already fetched 
and being operated on. 


When the current instruction is complete, the processor 
checks al! pending hardware interrupts. If unmasked (| 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the |-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 


TIMER INTERRUPT 


There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 


EXTERNAL INTERRUPT 


If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the | bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 
input at IRO is latched internally and the service routine 
address is specified by the contents of $1FFA and $1FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 


O Stack 
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NOTE: Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc. Pulling from the stack is 


in the reverse order. 


Figure 6. Interrupt Stacking Order 
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serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 
time (tiL|L) is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines ‘‘wire-ORed” to form 
the interrupts at the processor. If the interrupt line re- 
mains low after servicing an interrupt, then the next in- 
terrupt is recognized. 


NOTE 
The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the | bit is cleared. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 


Level-Sensitive Trigger 





Mask Option 


Interrupt Pin 


is zero, SWI executes after the other interrupts. The SWI 
Operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 


SCI INTERRUPTS 


An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the | bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 


SPI INTERRUPTS 


An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the | bit in the CCR is clear and the enable bit 
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(a) Interrupt Internal Function Diagram 
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Edge-Sensitive Trigger Condition 
The minimum pulse width (tj, |}) is either 
125 ns (Vpp=5 V) or 250 ns (Vpp=3 V). 
The period ti, should not be less than 
the number of teyc cycles it takes to ex- 
ecute the interrupt service routine plus 21 
teyc cycles. 


Level-Sensitive Trigger Condition 
If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is 
recognized. 


Normally 
Used with 
Wire-ORed 
Connection 


(b) Interrupt Mode Diagram 


Figure 8. External Interrupt 


MOTOROLA MICROPROCESSOR DATA 


3-826 


MC68HC05C3 














Clear IRQ 
Request 
Latch 






IRQ 
External 
Interrupt 









Stack 
PC, X, A, CC 






Timer 


Internal 
Interrupt Set 
1 Bit 
Load PC from: 
SWI:$1FFC-$1FFD 
SCI IRQ: $1FFA-$1FFB 
Internal Timer: $1FF8-$1FF9 


Interrupt SCI: $1FF6-$1FF7 
SPI: $1FF4-$1FF5 
























Complete 
Interrupt 
Routine 
and Execute 
RTI 








SPI 
Internal 
interrupt 








Fetch 
Next 
instruction 


Execute 
Instruction 





Figure 7. Reset and Interrupt Processing Flowchart 
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in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de- 
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 


LOW-POWER MODES 


“STOP 


The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and SPI operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The | bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 


cessor can be brought out of the STOP mode only by an | 


external interrupt or reset. 


SCI during STOP Mode 


When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in- 
struction is executed during a transmitter transfer, that 
transfer is halted. If a low input to the IRO pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCi transfers should be in the idle state when the STOP 
instruction is executed. 


SPI during Stop Mode 


When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SPI oper- 
ations. If the STOP instruction is executed during an SPI 
transfer, that transfer halts until the MCU exits the STOP 
mode by a low signal on the IRQ pin. If reset is used to 


exit the STOP mode, then the SPI control and status bits - 


are cleared, and the SPI is disabled. If the MCU is in the 
slave mode when the STOP instruction is executed, the 
slave SPI continues to operate and can still accept data 
and clock information in addition to transmitting its own 
data back to a master device. 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRQ 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP mode be- 
cause the protective circuitry (WCOL, MODF, etc.) is in- 
active. 


WAIT 


The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active (refer to Figure 
10). An interrupt from the timer, SCI, or SPI can cause 
the MCU to exit the WAIT mode. 
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Figure 9. STOP Function Flowchart 


During the WAIT mode, the | bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 


DATA RETENTION MODE 
The contents of RAM and CPU registers are retained 


at supply voltages as low as 2.0 Vdc. This is called the 


data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 





TIMER 


The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 
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Figure 10. WAIT Function Flowchart 


several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 


NOTE 


The | bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 


COUNTER 


The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18-$19 (counter register) or 
$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1B) receives the count value at the time of the read. 
lf a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
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Figure 11. Timer Block Diagram 


($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This. buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter-. 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 


The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 


occurs by setting its interrupt enable bit (TOIE). 


OUTPUT COMPARE REGISTER 


The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
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output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
shouid be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whether the output compare flag (OCF) 
is set or clear. 


INPUT CAPTURE REGISTER 


Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 
free-running counter value that corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 


TIMER CONTROL REGISTER (TCR) $12 


The TCR is a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 


7 6 5 4 3 2 1 0 
[cre | ocie | roe] o | o | 0 | reo | om 


RESET: 
0 0 0 0 0 0 U 0 


ICIE — Input Capture Interrupt Enable 
1=Interrupt enabled 
0 = Interrupt disabled 
OCIE — Output Compare Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
TOIE — Timer Overflow Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
IEDG — Input Edge 
Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 
1=Positive edge 
0 = Negative edge 
Reset does not affect te IEDG bit (U = unaffected). 
OLVL — Output Level 
Value of output level is clocked into output level reg- 
ister by the next successful output compare and will 
appear on the TCMP pin 
1=High output 
0 =Low output 
Bits 2, 3, and 4 — Not used 
Always read zero 


TIMER STATUS REGISTER (TSR) $13 


The TSR is a read-only register containing three status 
flag bits. 


] 6 ¥) 4 3 2 1 0 
jit | oct | ror} o | o | o Joo | oo 
RESET: 

U U U 0 0 0 0 0 


ICF — Input Capture Flag 
1 =Flag set when selected polarity edge is sensed by 
input capture edge detector 
0= Flag cleared when TSR and input capture low reg- 
ister ($15) are accessed 
OCF — Output Compare Flag 
1=Flag set when output compare register contents 
match the free-running counter contents 
0=Flag cleared when TSR and output compare low 
register ($17) are accessed 
TOF — Timer Overflow Flag 
1=Flag set when free-running counter transition from 
$FFFF to $0000 occurs 
0=Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 
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Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: . 

1) The timer status register is read or written when 

TOF is set, and 

2) The LSB of the free-running counter is read but not 

for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. 


TIMER DURING WAIT MODE 


The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 


TIMER DURING STOP MODE 


In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc- 
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 


SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate. The terms baud 
and bit rate are used synonymously in the following de- 
scription. 


Idie Line 


= © - ~/ 


* Stop bit is always high. 


_ SCI TWO-WIRE SYSTEM FEATURES 


_@ Standard NRZ (mark/space) format 
@ Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time 
@ Full-duplex operation (simultaneous transmit and re- 
ceive) 
e Software programmable for one of 32 different baud 
rates | 
@ Software-selectable word length (eight- or nine-bit 
words) . 
@ Separate transmitter and receiver enable bits 
SCI may be interrupt driven 
Four separate interrupt conditions 


SCI RECEIVER FEATURES 


Receiver wake-up function (idle or address bit) 
Idle line detect 

Framing error detect 

Noise detect 

Overrun detect 

Receiver data register full flag 


SCI TRANSMITTER FEATURES 


e Transmit data register empty flag 
@ Transmit complete flag 
e Break send 


Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 


DATA FORMAT 


Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 12. 


WAKE-UP FEATURE 


In a typical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 


Control bit ‘’M’’ 
Selects 8 or 9 bit data 
(FETT, 
4 5 6 7 8 0 
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Figure 12. Data Format 
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an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 


RECEIVE DATA IN 


Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 


START BIT DETECTION FOLLOWING A FRAMING ERROR 


lf there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

lf the receiver detects that a break (RDRF=1, FE=1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic one before start. 


TRANSMIT DATA OUT 


Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock. 


FUNCTIONAL DESCRIPTION 


A block diagram of the SCI is shown in Figure 13. The 
user has option bits in the serial communications control 
register 1 (SCCR1) to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 


interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates, which are used as the rate 
control for the transmitter and receiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated tf the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- 
rupt if the TCIE bit is set. lf the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter- 
rupt is enabled.and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 


REGISTERS 


There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 


Serial Communications Data Register (SCDAT) $11 


The SCDAT is a read/write register used to receive and 
transmit SCI data. 


7 6 5 4 3 2 1 0 
ScD7 | SCD6 | SCDS SCD3 | SCD2 SCDO 


RESET: 
U U U U U U U U 





As shown in Figure 13, SCDAT functions as two sep- 
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 
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SCI Interrupt . Internal Bus 











SCDAT] Transmit (See | Receive Data | SCDAT 
$11 |Data Register| Note) Register $11 
ransmit Data Receive Data 
Shift Register Shift Register 


PD1/TDO PDO/RDI 





\/ 


Transmit Receive 
ia oF 


Internal 

TT ttt. 
Baud 
Te Teer eee] = [aver re 
Register 


NOTE: The Serial Communications Data Register (SCDAT) is controlled by the internal R/W signal. It is the transmit data register when 
written and receive data register when read. 


Figure 13. SCI Block Diagram 
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Serial Communications Control Register 1 (SCCR1) $OE 


The SCCR1 provides control bits that determine word 
length and select the wake-up method. 


7 6 5 4 3 2 1 0 
[me | we | — | wm |ware} — | - | - | 
RESET: 

U U — U U — — = 


R8 — Receive Data Bit 8 
R8 bit provides storage location for the ninth bit in the 
receive data byte (if M= 1). 
T8 — Transmit Data Bit 8 
T8 bit provides storage location for the ninth bit in the 
transmit data byte (if M=1). 
M — SCI Character Word Length 
1=one start bit, nine data bits, one stop bit 
0=one start bit, eight data bits, one stop bit 
WAKE — Wake-Up Select 
Wake bit selects the receiver wake-up method. 
1=Address bit (most significant bit) 
0=Idle line condition 
Bits 0-2, and 5 — Not used 
Can read either one or zero 


The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 


Wake | M | Receiver Wake-Up 


X Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag. 

ii 


Serial Communications Control Register 2 (SCCR2) $OF 


The SCCR2 provides con‘*rol of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 


} 6 5 4 3 2 1 0 
roe | mle | we 


RESET: 
0 0 0 0 0 0 0 0 

















Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 








Detection of a received one in the ninth data 
bit allows an RDRPF flag and associated error 
flags. 









TIE — Transmit Interrupt Enable 
1=SCl interrupt enabled 
0=TDRE interrupt disabled 
TCIE — Transmit Complete Interrupt Enable 
1=SCl interrupt enabled 
0=TC interrupt disabled 


RIE — Receive Interrupt Enable 
1=SCl interrupt enabled 
O=RDRF and OR interrupts disabled 
ILIE — Idle Line Interrupt Enable 
1=SCl interrupt enabled 
0=Idle interrupt disabled 
TE — Transmit Enable 
1=Transmit shift register output is applied to the TDO 
line. Depending upon the SCCR1 M bit, a pream- 
ble of 10 (M=0) or 11 (M= 1) consecutive ones is 
transmitted. 
0=Transmitter disabled after last byte is loaded in 
the SCDAT and TDRE is set. After last byte is 
transmitted, TDO line becomes a high-impedance 
line. 
RE — Receive Enable 
1= Receiver shift register input is applied to the RDI 
line. 
0=Receiver disabled and RDRF, IDLE, OR, NF, and 
FE status bits are inhibited. 
RWU — Receiver Wake-Up 
1= Places receiver in sleep mode and enables wake- 
up function 
0=Wake-up function disabled after receiving data 
word with MSB set (if WAKE = 1) 
Wake-up function also disabled after receiving 10 
(M=0) or 11 (M=1) consecutive ones (if WAKE = 0) 
SBK — Send Break 
1=Transmitter continually sends blocks of zeros (sets 
of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec- 
ognition of valid start bit. 
0=Transmitter sends 10 (M=0) or 11 (M=1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 


Serial Communications Status Register (SCSR) $10 


The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 


7 6 5 4 3 2 1 0 
TORE moar | wove | ow | ne | fe | ~ | 


RESET: 
1 1 0 0 0 0 0 = 


TDRE — Transmit Data Register (TDR) Empty 
1 = TDR contents transferred to the transmit data shift 
register 
0=TDR still contains data. TDRE is cleared by reading 
the SCSR (with TDRE = 1), followed by a write to 
the TDR. 
TC — Transmit Complete 
1=Indicates end of data frame, preamble, or break 
condition has occurred 
0=TC bit cleared by reading the SCSR (with TC = 1), 
followed by a write to the TDR 
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RDRF — Receive Data Register (RDR) Full 
1= Receive data shift register contents transferred to 
the RDR | 
0 = Receive data shift register transfer did not occur. 


RDRF is cleared by reading the SCSR (with. 


RDRF = 1) followed by a read of the RDR 
IDLE — Idle Line Detect 
1 =Indicates receiver has detected an idle line 
0=!DLE is cleared by reading the SCSR (with IDLE = 1), 
followed by a read of the RDR. Once IDLE is 
cleared, IDLE cannot be set until RDI line becomes 
active and idle again. 7 
OR — Overrun Error 
1 = Indicates receive data shift register data is sent to 
a full RDR (RDRF=1). Data causing the overrun 
is lost, and RDR data is not disturbed. | 
0=OR is cleared by reading the SCSR (with OR=1), 
followed by a read of the RDR. 
NF — Noise Flag 
1 =Indicates noise is present on the receive bits, in- 
cluding the start and stop bits. NF is not set until 
RDRF=1. 
O=NF is cleared by reading the SCSR (with NF =1), 
followed by a read of the RDR. 
FE — Framing Error 
1=Indicates stop bit not detected in received data 
character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib- 
ited until FE is cleared. 
O=NF is cleared by reading the SCSR (with FE =1), 
_ followed by a read of the RDR. 
Bit 0 — Not used © 
Can read either one or zero 


Baud Rate Register $0D 


The baud rate register is used to select the SCI trans- 
mitter and receiver baud rate. SCPO and SCP1 prescaler 
bits are used in conjunction with the SCRO through SCR2 
baud rate bits to provide multiple baud rate combinations 
for a given crystal frequency. Bits 3, 6, and 7 always read 
zero. 


7 6 5 4 3 2 0 
a scp | scea | — | scr2 | scri | scro 


RESET: 
_ — 0 0 = U U U 


SCPO — SCI Prescaler Bit 0 

SCP1 — SCI Prescaler Bit 1 
Two prescaler bits are used to increase the range of 
standard baud rates controlled by the SCRO-SCR2 
bits. Prescaler internal processor clock division ver- 
sus bit levels are listed in Table 2. 

SCRO — SCI Baud Rate Bit 0 

SCR1 — SC! Baud Rate Bit 1 

SCR2 — SCI Baud Rate Bit 2 
Three baud rate bits are used to select the baud rates 
of the SCI transmitter and SCI receiver. Baud rates 
versus bit levels are listed in Table 3. 

Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by the combined SCPO-SCP1 and SCRO- 
SCR2 bits in the baud rate register. All divided frequen- 
cies shown in Table 3 represent the final baud rate re- 
sulting from the internal processor clock division shown 
in the divided-by column only (prescaler division only). 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (SCRO-SCR2). For example, assume 
that a 9600-Hz baud rate is required with a 2.4576-MHz 


Table 3. Prescaler Highest Baud Rate Frequency Output 































































SCP Bit Clock* Crystal Frequency MHz 

0 0 1 131.072 kHz 125.000 kHz 76.80 kHz 62.50 kHz 57.60 kHz 
0 Ae, * 3 43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz 
1 0 4 32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz 
1 1 13 10.082 kHz 9600 Hz 5.907 kHz 4800 Hz 4430 Hz 


*Refers to the internal processor clock. 


NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 


Table 4. Transmit Baud Rate Output for a Given Prescaler Output 


SCR Bits Divided Representative Highest Prescaler Baud Rate Output 
Po |. -8Y 131.072 kHz 32.768 kHz 76.80 kHz 





































































betes 4 19.20 kHz 9600 Hz 
0 0 0 131.072 kHz 32.768 kHz 76.80 kHz 19.20 kHz 9600 Hz 
0 0 1 65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz 
0 1 0 32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz 
0 1 1 16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz 
1 0 0 8.192 kHz 2.048 kHz 4800 Hz 1200 Hz 600 Hz 
1 0 1 4.096 kHz 1.024 kHz 2400 Hz 600 Hz 300 Hz 
1 1 0 2.048 kHz 512 Hz 1200 Hz 300 Hz 150 Hz 
1 1 1 1.024 kHz: 256 Hz 600 Hz 150 Hz 75 Hz 


NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud 
rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 
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external crystal. In this case, the prescaler bits (SCPO- 
SCP1) could be configured as a divide-by-one or a divide- 
by-four. If a divide-by-four prescaler is used, then the 
SCRO-SCR2 bits must be configured as a divide-by-two. 
Using the same crystal, the 9600 baud rate can be ob- 
tained with a prescaler divide-by-one and the SCRO-SCR2 
bits configured for a divide-by-eight. 


SERIAL PERIPHERAL INTERFACE 


The serial peripheral! interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. 
An SPI system may consist of one master MCU and sev- 
eral slaves (Figure 14) or MCUs that can be either masters 
or slaves. 


Features: 


Full-duplex, three-wire synchronous transfers 
Master or slave operation 

1.05 MHz (maximum) master bit frequency 

2.1 MHz (maximum) slave bit frequency 

Four programmable master bit rates 
Programmable clock polarity and phase 
End-of-transmission interrupt flag 

Write collision flag protection 

Master-master mode fault protection capability 


SIGNAL DESCRIPTION 


The four basic signals (MOSI, MISO, SCK, and SS) are 
described in the following paragraphs. Each signal func- 
tion is described for both master and slave mode. 


Master Out, Slave In 


The master out, slave in (MOSI) line is configured as 
an Output in a master device and as an input in a slave 










M6805 HCMOS 
Master 






MOSI 


MISO  SCK 





M6805 HCMOS Slave 3 


MISO SCK_ 
Mos! 5S 
Rae 


M6805 HCMOS Slave 2? 


device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. 


Master In, Slave Out 


The master in, slave out (MISO) line is configured as 
an input in a master device and as an output in a slave 
device. The MISO is one of two lines that transfer serial 
data in one direction with the most significant bit sent 
first. The MISO line of a slave device is placed in a high- 
impedance state if slave is not selected (SS = 1). 


Serial Clock 


The serial clock (SCK) is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 
master and slave devices can exchange a byte of infor- 
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 15, four possible timing relation- 
ships may be chosen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 

Two bits (SPRO and SPR1) in the SPCR of the master 
device select the clock rate. In a slave device, SPRO and 
SPR1 have no effect on SPI operation. 


Slave Select 


The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions and 
must stay low for the duration of the transaction. The SS 
line on the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF) is set in the serial 
peripheral status register (SPSR). ra 

When CPHA=0, the shift clock is the OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SPI message. When CPHA= 1, 
SS must go high between successive characters in an 





M6805 HCMOS Slave 0 
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M6805 HCMOS Slave 1 


Figure 14. Master-Slave System Configuration 
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SCK (CPOL = 0) | | | | | | | | 
SCK (CPOL = 1) | | | | | | | 
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Figure 15. Data Clock Timing Diagram 


SPI message. When CPHA=1, SS may be left low for 
several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
Vss as long as CPHA=1 clock modes are used. 


FUNCTIONAL DESCRIPTION 


A block diagram of the SPI is shown in Figure 16. In a 
master configuration, the CPU sends a signal to the mas- 
ter start logic, which originates an SPI! clock (SCK) based 
on the internal processor clock. As a master device, data 
is parallel loaded into the 8-bit shift register from the 
internal bus during a write cycle and then serially shifted 
via the MOSI pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via the MISO 
pin to the 8-bit shift register. Data is then parallel trans- 
ferred to the read buffer and made available to the in- 
ternal data bus during a CPU read cycle. 


Internal 
Processor 
Clock 


Rate 
Generator 


SCK (PD4) 







Master 
Start 
Logic 


SS (PD5) 


Control 
Bits 


MISO (PD2) 





In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data - 
from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans- 
fer to the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 
bus, awaiting the clocks from the master to shift out se- 
rially to the MISO pin and then to the master device. _ 

Figure 17 illustrates the MOSI, MISO, SCK, and SS 
master-slave interconnections. 


REGISTERS 


There are three registers in the SPI that provide control, 
status, and data storage functions. These registers, the 
serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data I/O reg- 
ister (SPDR), are described in the following paragraphs. 
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Figure 16. SPI Block Diagram 
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Figure 17. SPI Master-Slave Interconnections 


Serial Peripheral Control Register $0A 


The SPCR provides control of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
slave mode select, and clock polarity/phase/rate select. 


7 6 5 4 3 2 1 0 
f 
SPIE SPE a MSTR | cro CPHA | SPR1 | SPRO 


RESET: 
0 0 = 0 U U U U 








SPIE — Serial Peripheral Interrupt Enable 
1=SPI interrupt enabled 
O=SPI interrupt disabled 
SPE — Serial Peripheral System Enable 
1=SPI system on 
0=SPI system off 
MSTR — Master Mode Select 
1 = Master mode 
0=Slave mode 
CPOL — Clock Polarity 
Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 
1=SCK line idles high 
0=SCK line idles in low state 
CPHA — Clock Phase 
Clock phase bit along with CPOL controls the Aieee 
data relationship between the master and slave de- 
vices. CPOL selects one of two clocking protocols. 
1=SS is an output enable control. 
O= Shift clock is the OR of SCK with SS. 
When SS is low, first edge of SCK invokes first 
data sample. 
SPRO, SPR1 — SPI Clock Rate Bits 


Two clock rate bits are used to select one of four clock 


rates to be used as SCK in the master mode. In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following lane. 

Bit 5 — Not used 
Can read either one or zero 


SPI Clock Rate Selection 
saa (ea “7 
Internal Processor 


Clock Divided By 





SPR1 SPRO 
i? 











0 0 2 
0 1 4 
1 0 16 
1 1 “il 32 4 





Serial Peripheral Status Register $0B 
The sae contains three status bits. 


st [wens | — [woo =T= T= T= 


RESET: 
0 0 = 0 = = — — 


SPIF — Serial Peripheral Data Transfer Flag 
1 = Indicates data transfer completed between pro- 
cessor and external device. | 
(lf SPIF=1 and SPIE=1, SPI interrupt is ena- 
bled.) 
0=Clearing is accomplished by reading SPSR (with 
SPIF= 1) followed by SPDR access. 
WCOL — Write Collision 
1=Indicates an attempt is made to write to SPDR 
while data transfer is in process. 
0=Clearing is accomplished by reading SPSR (with 
WCOL = 1), followed by SPDR access. 
MODF — Mode Fault Flag 
1=Indicates multi-master system control conflict. 
0 =Clearing is accomplished by reading SPSR (with 
MODF = 1), followed by a write to the SPCR. 
Bits 0-3, and 5 — Not used 
Can read either zero or one 


Serial Peripheral Data I/O Register $0C 


The SPDR is a read/write register used to receive and 
transmit SPI data. 


7 6 5 4 3 2 1 0 
SPD7 | SPD6 | SPD5 | SPD4 | SPD3 | SPD2 | SPD1 | SPDO 


RESET: 
U U U U U U i 

A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will 
only occur in the master device. On completion of byte | 
transmission, the SPIF status bit is set in both master and 
slave devices. 

A read to the SPDR causes the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 
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INSTRUCTION SET 


The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 


X:A X*A 


Description | Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 


H: Cleared 
|: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 


[Sous [wl 


Form(s) Addressing 
Mode 
. Inherent 




















Condition 
Codes 












REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 





Load A from Memory 
Load X from Memory 
Store A in Memory | 
Store X in Memory 

Add Memory to A 


Add Memory and Carry to A 


Subtract Memory 

Subtract Memory from A with Borrow 
AND Memory to A 
OR Memory with A 

Exclusive OR Memory with A 


Arithmetic Compare A with Memory 
Arithmetic Compare X with Memory 
Bit Test Memory with A (Logical Compare) 


Jump Unconditional 


LDA 
—LDX) 
STA 
-STX 
ADD 
ADC 
SUB 
SBC 
AND 
ORA 

| OR | 


Jump to Subroutine 








READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 





Increment INC 
Decrement _ DEC 
Clear CLR 
COM 
NEG 
ROL__| 
ROR 
Logical Shift Left — LSL 
Logical Shift Right LSR 
Arithmetic Shift Right ASR 
Test for Negative or Zero TST 
Multiply MUL 





BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 





Mnemonic | 




















Function 
Branch Always BRA 
Branch Never BRN 
Branch if Higher BHI 
Branch if Lower or Same BLS | 
Branch if Carry Clear BCC 
Branch if Higher or Same BHS 


C 
L 


ie) 


Branch if Carry Set 


Branch if Not Equal 


Branch if Lower 


es) 
= 
m 


mio 
O 


Branch if Equal BEQ 


Branch if Half Carry Clear BHCC 
Branch if Half Carry Set | 
Branch if Plus . BPL 
Branch if Minus © BMI 


Branch if Interrupt Mask Bit is Clear BMC 
Branch if Interrupt Mask Bit is Set BMS 
Branch if Interrupt Line is Low BIL 
Branch if Interrupt Line is High ~ BIH 
Branch to Subroutine BSR 
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BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 










































































Function Mnemonic 

Branch Always it BRA 
Branch Never BRN | 

eel aen if Higher Tt BHI _| 
Branch if Lower or Same es BLS 
Branch if Carry Clear BCC | 
Branch if Higher or Same | BHS 4 
Branch if Carry Set 2 BCS 
Branch if Lower BLO 
Branch if Not Equal BNE 
Branch if Equal al BEQ 
Branch if Half Carry Clear jee 
Branch if Half Carry Set | BHCS | 
Branch if Plus | BPL | 
Branch tf Minus BMI 

Branch if Interrupt Mask Bit is Clear | BMC 7 
Branch if Interrupt Mask Bit is Set | BMS | 
Branch if Interrupt Line is Low BIL 

| Branch if Interrupt Line is High BIH 
Branch to Subroutine BSR 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 





























Function Mnemonic 

Transfer A to X a TAX 
Transfer X toA a TXA 

i Set Carry Bit le SEC 
Clear Carry Bit fa CLC 
Set Interrupt Mask Bit SEI 
Clear Interrupt Mask Bit | CLI 7 
Software Interrupt i SWI | 





Return from Subroutine 


fe ad 
| en 





Return from Interrupt 























Reset Stack Pointer a RSP 
No-Operation NOP 
7 | 
Stop STOP 
| Wait WAIT | 





BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit Manipulation instructions. 









Mnemonic 


Branch if Bit n is Set BRSET n (n=0... 7) 


Branch if Bit n is Clear BRCLR n (n=O... 7) 


Set Bit n BSET n (n=0...7) 


| Clear Bit n BCLR n (n=0...7) 


Function 
























OPCODE MAP SUMMARY 


Table 5 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument Is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


MOTOROLA MICROPROCESSOR DATA 


3-841 





cvs-€ 
VLVG YOSSADOUdOXDIW WIOYOLOIN 


at 


8 


= 


oO 
aa 


a 


iii 


ai 


~ 
=< 
1 
ve 


ne 


ae 


Dae 


BASE Te. BSETO es 


3 


BRSET BSeT! 


BSET2” BCC : 


= BETS” 
BRCLRA BCLRA 


BETS 


a» 
Ww 


3 


3 
BRCLAT BCLRZ BIH 
REL 


Abbreviations for Address Modes 


INH 


x< > 


IMM 
DIR 
EXT 
REL 
BSC 
BTB 
IX 
1x1 
1X2 


Inherent 
Accumulator 
Index Register 
Immediate 


Relative 

Bit Set/ Clear 

Bit Test and Branch 

Indexed (No Offset) 

indexed, 1 Byte (8-Bit) Offset 
Indexed, 2 Byte (16-Bit) Offset 


ba Manip ulation | Bregcn | _. 





Pe) 
Ww 





Table 5. Opcode Map 


















































































































Reed Modity/Wene 5 — |p Sono ee op 
[| INH | ix1 | Ix INH IM DIR xX | 
: 8 9 A B 
ae re ity | stam wo | om | to | | tt Tow 
6 5 9 
NEGA “ul NEGX NEG NEG RTI SUB eo 
nes. | } INH } 1 a) IX) ] 1X \ INH $2 inns QO00 
6 “ 
RTS a 
1 INH 2 1 
+++ | __ 
MUL : 2 
1 INH L 2 : 0010 
3 3 6 5 10 = 
COMA : COMX COM COM SWI 3 
} INH |} INH ixX1 ] 1 ix 1 INH : QO11 
3 6 5 3 
LSR LSRA LSRX LSR LSR 4 1 
TR] 1 INH | | INA] 2 ix 0100 ' 
ee | | Acted 
O10 
3 Se 5. 
Hon. RORX > ROR ROR 
INH | INH | 2 ix | 2 
3 3 5 T 3 
Pee ASRX ASR ASR TAX 7 
INH | 4 INH | 2 ix 1 INH s Ovi 
5 
all LSLA LSLX LSL LSL CLC le 8 
iNH | 1 INH 4 f= Ne 1000 
Sala al ROLA ROLX ROL ROL i SEC 9 
INH | 1 INH | 2 Ix i 1 INH 1 2 1001 
3 : 2 
DEC DECA DECX DEC DEC CLI Dae 
OIR | 1 INH {| 1 INH {| 2 Xt [3 ix 1 INH {| 2 
EL H INH_ | 2 1011 
3 5 6 5 +h 2 
BMC INC INC INC RSP 
REL | 2 O'R 2 ixX1 f ix 1 iNH 1100 
: 4 3 ees 5 4 2 
TST TSTA TSTX TST TST NOP ; laos 
OIR | 1 { 1 INH | 2 ixt |} 1X 1 INH | 2 
2 
1 INH 2 
5 6 5 2 al 4 
CLR CLRA CLRX > CLR CLR WAIT TXA F 
2 pIR | 4 INH | 1 INH | 2 xt {oy ix fq INH {1 INH | Wh 
Opcode in Hexadecimal 
Opcode in Bina 
Mnemonic ca ; ry 
Bytes 
Cycles Address Mode 
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EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it Is 
within the span of the branch. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a tabie or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from — 125 to +130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS (Voltages referenced to Vss) 


Rating Symbol Value Unit This device contains circuitry to protect the in- 
=:0,3-t0; 457.0 











;| puts against damage due to high static voltages 
V or electric fields; however, it is advised that nor- 
Input Voltage Vss —~0.3 to V mal precautions be taken to avoid application of 
Vpp +9.3 any voltage higher than maximum-rated voltages 
ae to this high-impedance circuit. For proper oper- 
Self-Check Mode (IRQ Pin Only) Vin Vgs — 0.3 to y ation, it is recommended that Vin and Vout be 
2 xVpp + 0.3 constrained to the range Vss = (Vin or Voyt) *- 
Current Drain Per Pin Excluding | 25 mA Vpp. Reliability of operation is enhanced if un- 
Vpp and Vss used inputs are connected to an appropriate logic 
Operating Temperature Range TA TL to Ty sg Meg e Mee a eaeey No Gih yD! 
MC68HCO5C3P, FN 0to +70 
MC68HCO5C3CP, CFN —40 to +85 
MC68HCO5C3VP, VFN ~40 to +105 
MC68HCO5C3MP, MFN —40 to +125 
Storage Temperature Range Tstq -65 to + 150 | "C 

















THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance 





Plastic 
Plastic Leaded Chip Carrier (PLCC) 











POWER CONSIDERATIONS 























The average chip-junction temperature, Ty, in °C can For most applications P),g<P)\y7 and can be neglected. 
be obtained from: The following is an approximate relationship between 
Ty=Tat (Pp * 8a) (1) Pp and Ty (if Pio is neglected): 
where: Pp =K=(Ty + 273°C) (2) 
TA = Ambient Temperature, °C Solving equations (1) and (2) for K gives: 
OIA = Package Thermal Resistance, K=Pp ° (Tp + 273°C) + Hy arPD2 (3) 
Junction-to-Ambient, °C/W where K is a constant pertaining to the particular part. K 
Pp = Pint+Pro can be determined from equation (3) by measuring Pp 
Pint =!ecxVec, Watts — Chip Internal Power (at equilibrium) for a known Ta. Using this value of K, 
PVo = Power Dissipation on Input and Output the values of Pp and Ty can be obtained by solving equa- 
Pins — User Determined tions (1) and (2) iteratively for any value of Ty. 
Vpp =4.5 V fire 
cm [|e |e | 
PAO-PA/7, 3.26 kQ | 2.38 kO 50 pF R2 
PBO-PB7, (See Table) 
PDT Pd ali a 
PD1-PD4 Point 
(See ee labie 
Vpp =3.0 V Table) 


Figure 18. Equivalent Test Load 


10.91 kQ | 50 pF 
6.32 kQ 











PAO-PA7, 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 


PDO, PD5, PD7 
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DC ELECTRICAL CHARACTERISTICS 
(Vpp --5.0 Vdc + 10%, Vgg -0 Vde, Ta Ty to Ty, unless otherwise noted) 





Characteristic 











Output Voltage, ILoqq 10.0 pA 












Output High Voltage 
(Load 0.8 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) 
(Load 1.6 mA) PD1-PD4 (see Figure 20) 





Output Low Voltage (see Figure 21) 
(Load 1.6 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 
Input High Voitage = 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 




















[er i ju = +— 4 
Input Low Voltage __ VIL VSS = 0.2xVpp V 
PAQ-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 | 
Data Retention Mode (0° to 70°C) VRM 2.0 — = V 
t- — + =| — 4 
Supply Current (see Notes) IDD 
Run (see Figures 22 and 23) — 3.5 7.0 mA 
Wait (see Figures 22 and 23) ~— 1.6 4.0 mA 
Stop (see Figure 23) 
25C — 2.0. 50 LA 
0 to 70°C (Standard) — — 140 pA 
40 to + 85°C = a 180 A 








40° to + 125°C _ — 250 A 
| sa Si =i : 
| O Ports Hi-Z Leakage Current lie = aa +10 A 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 


fe be za =Car Gael 
Input Current lin ca = st HA 



































RESET p 
ESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 | [ Safi 
Capacitance pF 
Ports (as Input or Output) Cout — — 12 
RESET, IRQ, TCAP, PDO-PD5, PD7 Cin ese el — 8 
NOTES: 


1. All values shown reflect average measurements. 

. Typical values at midpoint of voltage range, 25°C only. 

. Wait Ipp: Only timer system active (SPE = TE =RE=0). If SPI, SCI active (GPE = TE =RE=1) add 10% current draw. 

Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fosc = 4.2 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, C, = 20 pF on OSC2. 

. Wait, Stop Ipp: All ports configured as inputs, Vip =0.2 V, ViH=Vpp - 0.2 V. 

Stop Ipp measured with OSC1=Vss. 

Standard temperature range is 0° to 70°C. Extended temperature versions and a 25°C only version are available. 

. Wait Ipp is affected linearly by the OSC2 capacitance. 


BRWHN 


CONDO 


LEE SS cer OR eT ee ee 
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DC ELECTRICAL CHARACTERISTICS 
(Vpp = 3.3 Vdc + 0.3 Vdc, Vss =0 Vdc, Ta=TL to Ty, unless otherwise noted) 


[Symbol | Min | Tye | Max | Unit 


VOL — 0.1 V 
VOH VDD — 9.1 = 

VOH 

VOL 

















Characteristic 


Output Voltage, It oaq<10.0 pA 






Output High Voltage 
(ILoad = 0.2 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) 
(Load = 0.4 mA) PD1-PD4 (see Figure 20) 


Output Low Voltage (see Figure 21) 
(ILoad = 0.4 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 


Input High Voltage a VIH 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


Input Low Voltage ee 
PAQ-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


Data Retention Mode (0° to 70°C) 



















Supply Current (see Notes) 
Run (see Figures 22 and 24) 
Wait (see Figures 22 and 24) 
Stop (see Figure 24) 

25°C 

0° to 70°C (Standard) 
— 40° to +85°C 

- 40° to + 125°C 


1/0 Ports Hi-Z Leakage Current We 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 
Input Current lin 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 
Capacitance 
Ports (as Input or Output) . Cout = 12 
RESET, IRQ, TCAP, PDO-PD5, PD7 Cin oe 8 


NOTES: 

. All values shown reflect average measurements. 

. Typical values at midpoint of voltage range, 25°C only. . 

. Wait Ipp: Only timer system active (SPE = TE=RE=0). If SPI, SCI active (SPE = TE =RE=1) add 10% current draw. 

. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fggc¢ = 4.2 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, C_ =20 pF on OSC2. | 

. Wait, Stop Ipp: All ports configured as inputs, Vj_ =0.2 V, Viy=Vpp-— 0.2 V. 

. Stop Ipp measured with OSC1=Vss. 

. Standard temperature range is 0° to 70°C. Extended temperature versions and a 25°C only version are available. 

. Wait Ipp is affected linearly by the OSC2 capacitance. 
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[lQH} (mA) 





Vpp-VOH | Volts) 


Figure 19. Typical VQH vs IQH for Ports A, B, C, and TCMP 





HOw! (mA) 





Vpp-VOH (Volts) 


VoL (Volts) 


Figure 20. Typical VQH vs IQH for PD1-PD4 Figure 21. Typical Vox vs Io for All Ports 
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(3.5 mA) 


lpp (mA) 





0.5 1.0 1.5 2.0 @) 0.5 
Internal Frequency 1/tcycle (MHz) 


1.0 
Internal Frequency 1/tcycle (MHz) 


15 20 


Figure 22. Typical Current vs Internal Frequency for Run and Wait Modes 
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IpDp (mA) 


MC68HC05C3 


7.0 


Vpp =5V + 10% 


6.0 


5.0 






4.0 
3.0 
a 
1.0 
(140 A, 0°- 70°C) 
PEGE Perea 
0 
0 05 1.0 1.5 2.0 
Internal Frequency (MHz) 
Figure 23. Maximum Ipp vs Frequency for Vpp =5.0 Vdc 
Vpp=3.3 V+ 10% 
< 
E 
QO 
2 





0 0.2 0.4 0.6 0.8 10 
Internal Frequency (MHz) 


Figure 24. Maximum Ipp vs Frequency for Vpp =3.3 Vdc 
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CONTROL TIMING 
(Vpp = 5.0 Vde + 10%, Vgg =0 Vdc, Ta=TL to TH) 


. Characteristic 


Frequency of Operation 
Crystal Option 
External Clock Option 


Internal Operating Frequency 
Crystal (fosc = 2) 
External Clock (fosc¢ + 2) 


Cycle Time (see Figure 28) 


Crystal Oscillator Startup Time (see Figure 28) 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) 


RESET Pulse Width (see Figure 28) | 


Timer 
Resolution** 
Input Capture Pulse Width (see Figure 26) 
Input Capture Pulse Period (see Figure 26) 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tILIH 


Interrupt Pulse Period (see Figure 8) ULIL 
OSC1 Pulse Width tOH, TOL 


*The minimum period tjL|, should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
**Since a 2-bit prescaler in the timer must count four internal cycles (tcyc), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 toy. 











osci! 





ULCH 406 4 'teyc 


Internal 
Clock : 






Internal | , 
os YKKKK KKK KN KK) 





RESET or Interrupt 
NOTES: Vector Fetch 
1. Represents the internal gating of the OSC1 pin. 
2. IRQ pin edge-sensitive mask option. 
3. IRO pin level and edge-sensitive mask option. 
4. RESET vector address shown for timing example. 





Figure 25. Stop Recovery Timing Diagram 








MOTOROLA MICROPROCESSOR DATA 
3-850 


MC68HC05C3 


CONTROL TIMING 
(Vpp =3.3 Vde + 0.3 Vde, Vgg =0 Vdc, Ta=T_ to TH) 










Characteristic Symbol | Max | Unit | 


Baa - 


Crystal Oscillator Startup Time (see Figure 28) 100 ms 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) ticH | 


RESET Pulse Width — Excluding Power-Up (see Figure 28) 















Frequency of Operation 
Crystal Option 
External Clock Option 












Internal Operating Frequency 
Crystal (fog¢ = 2) 
External Clock (fos¢ = 2) 










Cycle Time (see Figure 28) 
















Timer 
Resolution** 
Input Capture Pulse Width (see Figure 26) 
Input Capture Pulse Period (see Figure 26) 





Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 
Interrupt Pulse Period (see Figure 8) 
OSC1 Pulse Width 





*The minimum period tii, should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
21 teyc: 
**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 teyc. 





in| | tTH le —| tTL = 
External 


Signal 
(TCAP 
Pin 37) 





Figure 26. Timer Relationships 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(Vpp =5.0 Vdc + 10%, Vgg =0 Vdc, TA=TL to TH) (see Figure 27) — 






Symbol_| Min 


| Characteristic 


Operating Frequency | 























Master fop(m) dc 
Slave fopis) | de 
Cycle Time | 
Master teyc(m) 2.0 
Slave tcyc(s) 480 
Enable Lead Time _ 
Master , tlead(m) : : ns 
Slave . tlead(s) 240 ons 
Enable Lag Time | | | 
Master — ns 
Slave mae ~ ns 
Clock (SCK) High Time 
Master tw(SCKH)m 340 — ns» 
Slave tw(SCKH)s 190 — ns 
Clock (SCK) Low Time | : 
Master tw(SCKL)m 340 — ns 
Slave twiSCKL)s 190 — ns 
Data Setup Time (Inputs) 
Master ; tsu(m) 100 = ns 





a a Na ETE ARSE EG CRESS Be ec nares | 





Data Hold Time (Inputs) 
Master | th(m) 100 — ns 
Slave th(s) 100 — ns 


Access Time (Time to Data Active from High-Impedance State) 
Slave ta 0 120 ns 


Disable Time (Hold Time to High-lmpedance State) 








+} 




















Slave tdis — 240 ns 
Data Valid | 

Master (Before Capture Edge) 0:25 — teyc(m) 

Slave (After Enable Edge)** — 240 ns 
11. | Data Hold Time (Outputs) | | 

Master (After Capture Edge) tho(m) 0.25 — teyc(m) 

Slave (After Enable Edge) tho(s) _| 0 | — ns 
12 | Rise Time (20% Vpp to 70% Vpp, CL = 200 pF) . . 

SP! Outputs (SCK, MOSI, and MISO) _ trm — 100 ns 

SPI Inputs (SCK, MOSI, MISO, and SS) trs — 2.0 LS 





= 
w& 


Fall Time (70% Vpp to 20% Vpp, Cy = 200 pF) : 
SPI Outputs (SCK, MOSI, and MISO) _ 100 ns 
SPI Inputs (SCK, MOSI, MISO, and SS) 2.0 LS 














*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(Vpp = 3.3 Vdc +0.3 Vdc, Vgg=0 Vdc, Ta=T, to Ty) (see Figure 27) 









Characteristic 






Operating Frequency 
Master 
















Cycle Time 
Master 
Slave 


Enable Lead Time 
Master 












tcyc(m) 
teyc(s) 











tlead(m) 





































Slave 500 — 
Enable Lag Time 
Master S 
Slave 500 
Clock (SCK) High Time 
Master tw(SCKH)m 720 
Slave tw(SCKH)s 400 
Clock (SCK) Low Time 
Master tw(SCKL)m 720 
tw(SCKL)s 400 
Data Setup Time (Inputs) 
tsu(m) 200 
tsu(s) 200 
Data Hold Time (Inputs) 
Master th(m) 200 
this) 200 
are 
Gi ee 
Data Valid . 
Master (Before Capture Edge) ty(m) 0.25 — 
Slave (After Enable Edge)** tv(s) _ 500 
Data Hold Time (Outputs) 
Master (After Capture Edge) . tho(m) 0.25 
Slave (After Enable Edge) tho(s) 0 
Rise Time (20% Vpp to 70% Vpp, Cy =200 pF) 
SP! Outputs (SCK, MOSI, and MISO) _ trm 200 
SPI Inputs (SCK, MOSI, MISO, and SS) trs 2.0 
Fall Time (70% Vpp to 20% Vpp, C, = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) _ ttm 200 
SPI Inputs (SCK, MOSI, MISO, and SS) tfs 2.0 





*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
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Teun SE is Held High on Master 


SCK (CPOL=0) SEE : 
(OUT UT) NOTE § tl ie 
ie | 
: : a ae 
SCK (CPOL=1) SEE 
(4) 
(6) 


MISO 
(INPUT) 


MOS! 
(OUTPUT) 





NOTE: This first clock edge is generated internally but is not seen at the SCK pin. 


a) SP! MASTER TIMING (CPHA=0) 










INPUT) SS is Held High on Master 7 
SCK (CPOL«0) prea 
(OUTPUT) ote 
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~— 
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NOTE: This last clock edge is generated internally but is not seen at the SCK pin. 


b) SP! MASTER TIMING (CPHA= 1) 


Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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SS 
(INPUT) 
© 
SCK (CPOL=0) 
= ___a__ ils bl \ a 
o Or 
NS ED 
SCK (CPOLsi) | 
a a oe 
® ® 
MISO 
Same [nso aK sminon [KB 


6) KM) 
MOS| 
INBUT { = MSBIN aes LSB IN 


NOTE: Not defined but normally MSB of characier just received. 


c) SPI SLAVE TIMING (CPHA = 0) 


Ss 
(INPUT) 


SCK (CPOL=0) 
(INPUT) 


SCK (CPOL=1) 
(INPUT) 

(8) 
MISO 


(OUTPUT) 





rOlFO4 Ab@ | @ 
MOS! 


NOTE: Not defined but normally LSB of character previously transmitted. 


d) SPI SLAVE TIMING (CPHA = 1) 


Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 
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* Internal timing signal and bus information not available externally. 
**OSC1 line is not meant to represent frequency. It is only used to represent time. 
*** The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 


Figure 28. Power-On Reset and RESET 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS™, disk file 

MS™-DOS/PC-DOS disk file (360K) 

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer’s program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer’s name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola’s 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


A 2764, 68764, or 68766 type EPROM, programmed 
with the customer’s program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par- 
agraphs. 

For an MC68HC805C4 MCU start the page zero, user 
ROM at EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0100 through $OBFF with 
vectors from $1FF4 to $1FFF. All unused bytes, including 
the user’s space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 


MDOS is a trademark of Motorola !nc. 
MS is a trademark of Microsoft, Inc. 


xxx = Customer ID 


Verification Media 


All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HCO05C3 device. 


Package Type MC Order Number 























Plastic 0°C to + 70°C MC68HCO05C3P 
(P Suffix) ~ 40°C to +85°C MC68HCO5C3CP 
-—40°C to + 105°C | MC68HCO5C3VP 


—40°C to + 125°C 


0°C to + 70°C 
~ 40°C to + 85°C 
—40°C to + 105°C 
— 40°C to + 125°C 


MC68HCO5C3MP 


MC68HCO5C3FN 
MC68HCO5C3CFN 
MC68HCO5C3VFN 
MC68HCO5C3MFN 

















PLCC 
(FN Suffix) 


IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 


40-PIN DUAL-IN-LINE PACKAGE 


= 


VDD 
OSC] 
OSC2 
TCAP 
PD7 
TCMP 
PD5/SS 
PD4/SCK 
PD3/MOS! 
PD2/MISO 
PD1/TDO 
PDO/RD! 


oO ODN DO NO FPF W NY 


10 


—_ 
~ 


PCO 
PCt 
PC2 
PG3 
PC4 
PCS 





PC6 
PC? 








NOTE: Bulk substrate tied to Vss. 
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Technical Summary 
8-Bit Microcontroller Unit 


The MC68HC05C4 (HCMOS) microcontroller unit (MCU) is a member of the M68HC05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro- 
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following block diagram depicts the hardware features; additional features available on the 
MCU are as follows: 

On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 
Memory-Mapped |/O 

176 Bytes of On-Chip RAM 

4156 Bytes of User ROM 

24 Bidirectional I/O Lines and 7 Input-Only Lines 

Serial Communications Interface (SCI) System 

Serial Peripheral Interface (SPI) System 

Self-Check Mode 

Power-Saving STOP, WAIT, and Data Retention Modes 
Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 
Fully Static Operation 

8 x8 Unsigned Multiply Instruction 





BLOCK DIAGRAM 























TCMP OSC1 OSC2 
Internal ail 
P ; 
TCAP Timer a Oscillator Processor 
System and Clock —— 
oF ie RESET 
IRQ 
PAO PCO 
PAI Accumulator PCl 
Port ikaw CPU PC2 2 
A PA3 Port | Data index Cantral Data | Port PC3 a 
1/0 ia Dir Register Dir | C PCA i 
Lines PAS Reg | Reg Reg | Reg PCS 
PA6 Condition PCE Lines 
PAT Code PC7 
Register 
PBI Pointer 
SCI RDI (PDO) 
Port PB2 Program TDO (PD1) 
B PB3 Port | Data Counter MISO (PD2) 
1/0 PB4 B Dir High ALU MOS| (PD3) 
Lines = Reg | Reg Program SPI SCK (PD4) 
Counter ee 
Pay ey . SS (PD5) 






Baud Rate 
Generator 





ROM tatic 
RAM Processor 
Clock 


240 x 8 
Self-Check 
ROM 


This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


The signal descriptions of the MCU are discussed in 
the following paragraphs. 


Vpp AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vpp is the positive supply, and Vss is ground. 


IRO 


This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 


OSC1, OSC2 


These pins provide control input for an on-chip clock 
oscillator circuit. A crystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 


Crystal 


these pins providing a system clock. A mask option se- 


' lects either a crystal/ceramic resonator or a resistor/ca- 


pacitor as the frequency determining element. The 
oscillator frequency is two times the internal bus rate. 


RC Oscillator 


With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
R and fosc is shown in Figure 2. 


Crystal 


The circuit shown in Figure 1(b) is recommended when 
using acrystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vpp 
specifications. 


Ceramic Resonator 





(a) Crystal/Ceramic Resonator Parameters 






MCU 







OSC2 





OSC1 


ae T Cosc2 


(b) Crystal/Ceramic Resonator 
Oscillator Connections 





(d) RC Oscillator Connections 


OSC2 OSC 
38 39 
Co 
38 Tt 39 





Unconnected 


External Clock 


(e) External Clock Source Connections 
(For Crystal Mask Option Only) 


Figure 1. Oscillator Connections 
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Resistance (kf) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


Ceramic Resonator 


A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 
recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 


External Clock 


An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal os- 
cillator mask option. 


INPUT CAPTURE (TCAP) 


This pin controls the input capture feature for the on- 
chip programmable timer. 


OUTPUT COMPARE (TCMP) 


This pin provides an output for the output compare 
feature of the on-chip timer. 


RESET 


This pin is used to reset the MCU and provide an or- 
derly start-up procedure by pulling RESET low. 





INPUT/OUTPUT PORTS (PA0-PA7, PBO-PB7, PCO-PC7) 


These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or Outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 


FIXED INPUT PORT (PDO-PD5, PD7) 


These seven lines comprise port D, a fixed input port. 
All special functions that are enabled (SPI, SCI) affect this 
port. Refer to PROGRAMMING for additional information. 


PROGRAMMING 


Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 


INPUT/OUTPUT PORT PROGRAMMING 


Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 


Table 1. I/O Pin Functions 
| riw* | por | 1/0 Pin Functions 
The I/O pin is in input mode. Data is 
written into the output data latch. 
1 Data is written into the output data latch 
and output to the |/O pin. 
a The state of the 1/O pin is read. 
1 1 The I/O pin is in an output mode. The 
output data latch is read. 


*R/W is an internal signal. 
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Data Direction 
Register 
Bit 


Latched | 
Output Data 






Internal 
MCU 
Connections 


Figure 3. Typical Port I/O Circuit 


FIXED INPUT PORT PROGRAMMING 

Port D is a fixed input port (PDO-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disabled. For example, 
with the SCI enabled, PDO and PD1 inputs will read zero. 
With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time of the read operation. 


NOTE 


Any unused inputs and I/O ports should be tied to 
an appropriate logic level (e.g., either Vpp or Vss). 


SERIAL PORT (SCI AND SPI) PROGRAMMING 
The SCI and SPI use the port D pins for their functions. 


The SCI requires two pins (PDO-PD1) for its receive data 


input (RDI) and transmit data output (TDO), respectively. 
The SPI function requires four of the pins (PD2-PD5) for 
its serial data input/output (MISO), serial data output/ 
input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 


MEMORY 


The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and I/O. The user-defined reset and interrupt 
vectors are located from $1FF4 to $1FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. 


NOTE 


Using the stack area for data storage or temporary 
work locations requires care to prevent it from being 
overwritten due to stacking from an interrupt or 
subroutine call. 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic calculations 
or data manipulations. 


7 0 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. | 


7 : 0 
a [aes 
PROGRAM COUNTER (PC) 


The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 


12 Gah 0 


STACK POINTER (SP) 


The stack pointer is a 13-bit register that contains the. 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is. pulled from the stack. . 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to pro- 
duce an address within the range of $00FF to $00CO. 
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$0000 $00 
$01 
$02 
$03 
$04 
$05 
$06 
$07 
$08 
$09 
SOA 
SOB 
$0C 
$0D 
SOE 
SOF 
$10 
$11 
$12 
$13 
$14 
$15 
$16 
$17 
$18 
$19 
SIA 
$1B 
$1C 
$1D 
S1E 
$1F 


Unused 







1/0 
32 Bytes 







$O01F 
$0020 











$004F 
$0050 






Serial Peripheral 
Interface 
3 Bytes 















RAM 
176 Bytes 









Serial Peripheral Control Register 





Serial 
Communications 
Interface 
5 Bytes 


Timer 
10 Bytes 
Unused 
4 Bytes 


\ 
7936 \ 


7936 \ 


SOOBF 
$00CO 







SOOFF 
$0100 








$10FF 
$1100 


4351 \ 
4352 








S1EFF 
$1F00 







Self Check 







S1FDF 
$1FEO 







Self-Check 
Vectors 


Unused 
4 Bytes 


User 
Vectors 
12 Bytes 







256 Bytes \ 


8175 \ 
8176 \ 






S1FEF 
_ STFFO 







8179 \ 
8180 \ 


$1FF3 
S1FFA 






S1FFF 8191 \ 





Figure 4. Memory Map 


Subroutines and interrupts may use up to 64 (decimal) Half Carry (H) 


locations. If 64 locations are exceeded, the stack pointer This bit is set during ADD and ADC operations to in- 


wraps around and loses the previously stored informa- dicate that a carry occurred between bits 3 and 4. 
tion. A subroutine call occupies two locations on the stack; 


an interrupt uses five locations. Interrupt (I) 


12 0 When this bit is set, the timer and external interrupt is 


7 
fofofolololijs; ses masked (disabled). If an interrupt occurs while this bit is 


set, the interrupt is latched and processed as soon as the 
interrupt bit is cleared. 
CONDITION CODE REGISTER (CCR) 


The CCR is a 5-bit register in which four bits are used Negative (N) — 


to indicate the results of the instruction just executed. When set, this bit indicates that the result of the last 
These bits can be individually tested by a program, and arithmetic, logical, or data manipulation was negative 
specific actions can be taken as a result of their state. (bit 7 in the result is a logic one). 
Each bit is explained in the following paragraphs. 

CCR Zero (Z) 


Puliin|zic | When set, this bit indicates that the result of the last 
; aL 7 arithmetic, logical, or data manipulation was zero. 
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Carry/Borrow (C) 


When set, this bit indicates that a carry or borrow out 
of the arithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and branch instructions: and during shifts and 
rotates. 


SELF-CHECK 


The self-check capability provides the ability to deter- 
mine if the device is functional. Self-check is performed 
using the circuit shown in Figure 5. Port C pins PCO-PC3 


are monitored for the self-check results. After reset, the ’ 


SCI — Transmission test; checks RDRF, TDRE, TC, 
and FE flags 
SPI — Transmission test; checks SPIF, WCOL, and 
MODF flags — 
Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 


TIMER TEST SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1FOE. The output 
compare register is first set to the current timer state. 
Because the timer is free running and has only a divide- 


following seven tests are performed automatically: 
I/O — Exercise of ports A, B, and C 
RAM — Counter test for each RAM byte 
ROM — Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks OCF flag 
Interrupts — Tests external, timer, SCI and SPI in- 
terrupts 


by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 
checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com- 
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon return to the user’s pro- 
gram, X= 40. If the test passed, A=0. 








OSC2 


PD7 
TCMP 
PD5/SS 
PD4/SCK 
PD3/MOSI 
PD2/MISO 
PD1/TDO 
PDO/RDI 











PA4 
PA3 
PA2 
PAI 


20 


NOTE: The RC Oscillator Option may also be used in this circuit. 


Figure 5. Self-Check Circuit Schematic Diagram 
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Table 2. Self-Check Results 


ES 
Ti [ro Iocan 
ae Pt [ead timer 
mf fe fo Tews 
of 
1 1 1 


Bad Interrupts or IRO Request 













































Flashing Good Device 
All Others Bad Device, Bad Port C, etc. 


0 indicates LED is on; 1 indicates LED is off. 


ROM CHECKSUM SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1F93 with RAM 
location $0053 equal to $01 and A=0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user’s program, 
X=0. If the test passed, A=0. 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 








POWER-ON RESET (POR) 


An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 interna! processor clock cycle (teyc) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 4046 tcyc, the MCU will remain in the 
reset condition until RESET goes high. 









1 Condition Code Register 


PCL 


EXTERNAL RESET INPUT | 

The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (teyc). 


INTERRUPTS 


The MCU can be interrupted five different ways: the 
four maskable hardware interrupts (IRQ, SPI, SCI, and 
timer) and the nonmaskable software interrupt instruc- 
tion (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 


NOTE 


The current instruction is the one already fetched 
and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (| 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 


TIMER INTERRUPT 


There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 


O Stack 





| 
R N 
Increasing Memory {| T ; E Decreasing Memory 
Addresses U Index, Rediste! R Addresses 
efopopo] rnd 
Ryo foto ; 
P 
T 


Unstack 


NOTE: Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc. Pulling from the stack is 


in the reverse order. 


Figure 6. Interrupt Stacking Order 
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From 
RESET 








Clear IRO 
Request 
Latch 










iRO 
External 
Interrupt 












Timer 


Stack 
PC, X, A, CC 
internal 


Interrupt Set 
. | Bit 
Load PC from: 
SWI:$1FFC-$1FFD 
SCl IRQ: $1FFA-$1FFB 
Internal Timer: $1FF8-$1FF9 
Interrupt SCI: $1FF6-$1FF7 
SPI 
Internal 


SPI: $1FF4-$1FF5 
Interrupt 


























Complete 
Interrupt 
Routine 
and Execute 
RTI 


Fetch 
Next 
Instruction 





Execute 
Instruction 


Figure 7. Reset and Interrupt Processing Flowchart 
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EXTERNAL INTERRUPT 


If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the | bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1FFA and $1FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 


Level-Sensitive Trigger 





Mask Option 


Interrupt Pin 


serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 
time (t)L|L) is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines “wire-ORed” to form 
the interrupts at the processor. If the interrupt line re- 
mains low after servicing an interrupt, then the next in- 
terrupt is recognized. 


NOTE 


The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the | bit is cleared. 





External 
Interrupt 
Request 


| Bit (CC) 





Power-On Reset 


External Reset 


External Interrupt 
Being Serviced (Vector Fetch) 


(a) Interrupt Internal Function Diagram 


iRO tiLIH 


Edge-Sensitive Trigger Condition 
The minimum pulse width (t),_|}) is either 
125 ns (Vpp=5 V) or 250 ns (Vpp=3 V). 
The period ti,j, should not be less than 
the number of teyc cycles it takes to ex- 
ecute the interrupt service routine plus 21 
teyc cycles. 


Level-Sensitive Trigger Condition 
If after servicing an interrupt the |RQ re- 
mains low, then the next interrupt is 
recognized. 


Normally 
Used with 
Wire-ORed 
Connection 


(b) Interrupt Mode Diagram 


Figure 8. External Interrupt 
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SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 
operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. | 


SCI INTERRUPTS 


An interrupt in the SCI occurs when one of the interrupt 
flag bits in the serial communications status register is 
set, provided the | bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 


SPI INTERRUPTS 


An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the | bit in the CCR is clear and the enable bit 
in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de- 
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 


LOW-POWER MODES 


STOP 


The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and SPI operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The | bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. . 


SCI during STOP Mode 


When the MCU enters the STOP mode, the baud rate 


generator stops, halting all SCi activity. If the STOP in- 
struction is executed during a transmitter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 


SPI during Stop Mode 


When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SPI oper- 
ations. If the STOP instruction is executed during an SPI 


transfer, that transfer halts until the MCU exits the STOP 
mode by a low signal on the IRQ pin. If reset is used to 
exit the STOP mode, then the SPI control and status bits 
are cleared, and the SPI is disabled. If the MCU is in the 
slave mode when the STOP instruction is executed, the 
slave SPI continues to operate and can still accept data 
and clock information in addition to transmitting its own. 
data back to a master device. : 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRQ 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP mode be- 
cause the protective circuitry (WCOL, MODF, etc.) is in- 
active. 


WAIT 


The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 








Stop Oscillator 
And All Clocks 


Clear | Bit 











External 
Interrupt 
(IRQ) 


Turn On Oscillator 
Wait for Time 
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(1) Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack 

b. Set | Bit 

c. Vector to Interrupt 
Routine 


Figure 9. STOP Function Flowchart 
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power than the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active (refer to Figure 
10). An interrupt from the timer, SCI, or SPI can cause 
the MCU to exit the WAIT mode. 

During the WAIT mode, the | bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
may be enabled to allow a periodic exit from the WAIT 
mode. 


DATA RETENTION MODE 


The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 


during data retention mode. 





Oscillator Active 
Timer, SCI, And SPI 
Clocks Active 
Processor Clocks Stopped 












: No 
Restart 
Processor Clock 
No 


(1) Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack 

b. Set | Bit 

c. Vector to Interrupt 
Routine 





External 
Interrupt 
(IRQ) 


TIMER 


The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 
several microseconds to many seconds. Refer to Figure 
11 for a timer block diagram. 

Because the timer has a 16-bit architecture, each spe- 
cific functional segment (capability) is represented by two 
registers. These registers contain the high and low byte 
of that functional segment. Generally, accessing the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byte is also ac- 
cessed. 








No 


Timer 
Interrupt 


Yes 


Figure 10. WAIT Function Flowchart 
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NOTE 


The | bit in the CCR should be set while manipu- 
lating both the high and low byte register of a spe- 
cific timer function to ensure that an interrupt does 
not occur. 


COUNTER 


The key element in the programmable timer is a 16- 
bit, free-running counter or counter register, preceded by 
a prescaler that divides the internal processor clock by 
four. The prescaler gives the timer a resolution of 2.0 
microseconds if the internal bus clock is 2.0 MHz. The 
counter is incremented during the low portion of the in- 
ternal bus clock. Software can read the counter at any 
time without affecting its value. 

The double-byte, free-running counter can be read from 
either of two locations, $18-$19 (counter register) or 
$1A-$1B (counter alternate register). A read from only 
the least significant byte (LSB) of the free-running counter 
($19, $1B) receives the count value at the time of the read. 


lf a read of the free-running counter or counter alternate 
register first addresses the most significant byte (MSB) 
($18, $1A), the LSB ($19, $1B) is transferred to a buffer. 
This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
‘is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 
on reset, the counter is also preset to $FFFC and begins 
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Figure 11. Timer Block Diagram 
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running after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 


OUTPUT COMPARE REGISTER 


The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whether the output compare flag (OCF) 
is set or clear. 


INPUT CAPTURE REGISTER 


Two 8-bit registers, which make up the 16-bit input 
capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (lIEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This deiay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 


free-running counter value that corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 


TIMER CONTROL REGISTER (TCR) $12 


The TCR is a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 





7 6 5 4 3 2 1 0 
jicie | oc | roe | 0 | o | o | 06 | om 
RESET: 

0 0 0 0 0 0 U 0 


ICIE — Input Capture Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
OCIE — Output Compare Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
TOIE — Timer Overflow Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
IEDG — Input Edge 
Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register | 
1= Positive edge 
0 = Negative edge 
Reset does not affect te IEDG bit (U =unaffected). 
OLVL — Output Level 
Value of output level is clocked into output level reg- 
ister by the next successful output compare and will 
appear on the TCMP pin 
1=High output 
0=Low output 
Bits 2, 3, and 4 — Not used 
Always read zero 


TIMER STATUS REGISTER (TSR) $13 


The TSR is a read-only register containing three status 
flag bits. 


7 6 5 4 3 2 1 0 
[ict | oct | ror {| o | o | o | o | 0 | 
ai U U 0 0 0 0 0 


ICF — Input Capture Flag 
1 = Flag set when selected polarity edge is sensed by 
input capture edge detector 
0=Flag cleared when TSR and input capture low reg- 
ister ($15) are accessed 
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OCF — Output Compare Flag 
1=Flag set when output compare register contents 
match the free-running counter contents 
0=Flag cleared when TSR and output compare low 
register ($17) are accessed 
TOF — Timer Overflow Flag 
1 = Flag set when free-running counter transition from 
$FFFF to $0000 occurs 
0=Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 


Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 

TOF is set, and 

2) The LSB of the free-running counter is read but not 

for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 
contains the same value as the free-running counter (at 
address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. 


TIMER DURING WAIT MODE 


The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 


TIMER DURING STOP MODE 


In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc- 
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 


Idle Line 


wow 3 Der 


S 
t 
* Stop bit is always high. 0 
p 


SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate. The terms baud 
and bit rate are used synonymously in the following de- 
scription. 


SCI TWO-WIRE SYSTEM FEATURES 


@ Standard NRZ (mark/space) format 

e@ Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time 

@ Full-duplex operation (simultaneous transmit and re- 
ceive) 

@ Software programmable for one of 32 different baud 
rates 

© Software-selectable word length (eight- or nine-bit 
words) 

@ Separate transmitter and receiver enable bits 

SCI may be interrupt driven 

Four separate interrupt conditions 


SCI RECEIVER FEATURES 


Receiver wake-up function (idle or address bit) 
Idle line detect 

Framing error detect 

Noise detect 

Overrun detect 

Receiver data register full flag 


SCI TRANSMITTER FEATURES 


e Transmit data register empty flag 
e@ Transmit complete flag 
@ Break send 


Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 


DATA FORMAT 


Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 12. 


Control bit ‘“M’’ 
Selects 8 or 9 bit data 


on=a=O - Y 


Figure 12. Data Format 
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WAKE-UP FEATURE 


In atypical multiprocessor configuration, the software 
protocol will usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 


RECEIVE DATA IN 


Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampled three times. The value of the bit is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 


START BIT DETECTION FOLLOWING A FRAMING ERROR 


lf there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 
therefore, the start bit will be accepted no sooner than it 
is anticipated. 

If the receiver detects that a break (RDRF=1, FE=1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic one before start. 


TRANSMIT DATA OUT 


Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock. 


FUNCTIONAL DESCRIPTION 


A block diagram of the SCI is shown in Figure 13. The 
user has option bits in the serial communications control 
register 1 (SCCR1) to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates, which are used as the rate 
control for the transmitter and receiver. 

Data transmission is initiated by a write to the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- 
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter- 
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 


REGISTERS 


There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 


Serial Communications Data Register (SCDAT) $11 


The SCDAT is a read/write register used to receive and 
transmit SCI data. 


7 6 5 4 3 2 1 0 
SCD7 | SCD6 | SCD5 | SCD4 | SCD3 | SCD2 SCDO 


RESET: 
U U U U U U U U 
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As shown in Figure 13, SCDAT functions as two sep- 
arate registers. The transmit data register (TDR) provides 
the parallel interface from the internal data bus to the 
transmit shift register. The receive data register (RDR) 
provides the interface from the receive shift register to 
the internal data bus. 


Serial Communications Control Register 1 (SCCR1) $OE 


The SCCR1 provides control bits that determine word 
length and select the wake-up method. 


SCI Interrupt 









_ SCDAT 
$11 





Transmit 
Data Register| Note) 


ransmit Data 
Shift Register 
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ee: 
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RESET: 

U U — U U — — — 
R8 — Receive Data Bit 8 < 

R8 bit provides storage location for the ninth bit in the 
receive data byte (if M=1). 
T8 — Transmit Data Bit 8 

T8 bit provides storage location for the ninth bit in the 

transmit data byte (if M=1). 


Internal Bus 


7 (See | Receive Data SCDAT 
Register $11 

Receive Data 
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NOTE: The Serial Communications Data Register (SCDAT) is controlled by the internal R/W signal. It is the transmit data register when. 


written and receive data register when read. 


Figure 13. SCI Block Diagram > 
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M— SCI Character Word Length 
1=one start bit, nine data bits, one stop bit 
0=one start bit, eight data bits, one stop bit 
WAKE — Wake-Up Select 
Wake bit selects the receiver wake-up method. 
1=Address bit (most significant bit) 
0 = Idle line condition 
Bits 0-2, and 5 — Not used 
Can read either one or zero 


The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature uniess the RWU conitroi bit in SCCRZ 
is set. 


Wake | M | Receiver Wake-Up 


iid Detection of an idle line allows the next data 










byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag. 


Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 











Detection of a received one inthe ninth data 
bit allows an RDRF flag and associated error 
flags. 


Serial Communications Control Register 2 (SCCR2) $OF 


The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 


7 6 5 4 3 2 1 0 


RESET: 
0 0 0 0 0 0 0 0 





TIE — Transmit Interrupt Enable 
1=SCl interrupt enabled 
0=TDRE interrupt disabled 
TCIE — Transmit Complete Interrupt Enable 
1=SCl interrupt enabled 
0=TC interrupt disabled 
RIE — Receive Interrupt Enable 
1=SCI interrupt enabled 
O=RDRF and OR interrupts disabled 
ILIE — Idle Line Interrut Enable 
1=SCl interrupt enabled 
0=Idle interrupt disabled 
TE — Transmit Enable 
1= Transmit shift register output is applied to the TDO 
line. Depending upon the SCCR1 M bit, a pream- 
ble of 10 (M=0) or 11 (M=1) consecutive ones is 
transmitted. | 
0=Transmitter disabled after last byte is loaded in 
the SCDAT and TDRE is set. After last byte is 
transmitted, TDO line becomes a high-impedance 
line. 
RE — Receive Enable 
1=Receiver shift register input is applied to the RDI 
line. 


0=Receiver disabled and RDRF, IDLE, OR, NF, and 

FE status bits are inhibited. 
RWU — Receiver Wake-Up 

1= Places receiver in sleep mode and enables wake- 
up function 

0=Wake-up function disabled after receiving data 
word with MSB set (if WAKE = 1) 
Wake-up function also disabled after receiving 10 
(M=0) or 11 (M=1) consecutive ones (if WAKE = 0) 

SBK — Send Break 

1= Transmitter continually sends blocks of zeros (sets 
of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec 
ognition of valid start bit. 

0=Transmitter sends 10 (M=0) or 11 (M=1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 


Serial Communications Status Register (SCSR) $10 


The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 


7 6 ) 4 3 2 1 0 
jrore | re | none | ove | on | ne | fe | — | 


RESET: 
1 1 0 0 0 0 0 = 


TDRE — Transmit Data Register (TDR) Empty 
1 = TDR contents transferred to the transmit data shift 
register 
0=TDR still contains data. TDRE is cleared by reading 
the SCSR (with TDRE = 1), followed by a write to 
the TDR. 
TC — Transmit Complete 
1=Indicates end of data frame, preamble, or break 
condition has occurred 
0=TC bit cleared by reading the SCSR (with TC = 1), 
followed by a write to the TDR 
RDRF — Receive Data Register (RDR) Full 
1= Receive data shift register contents transferred to 
the RDR 
O=Receive data shift register transfer did not occur. 
RDRF is cleared by reading the SCSR (with 
RDRF = 1) followed by a read of the RDR 
IDLE — Idle Line Detect 
1=Indicates receiver has detected an idle line 
0=IDLE is cleared by reading the SCSR (with IDLE = 1), 
followed by a read of the RDR. Once IDLE is 
cleared, IDLE cannot be set until RDI line becomes 
active and idle again. 
OR — Overrun Error 
1 = Indicates receive data shift register data is sent to 
a full RDR (RDRF=1). Data causing the overrun 
is lost, and RDR data is not disturbed. 
0=OR is cleared by reading the SCSR (with OR=1), 
followed by a read of the RDR. 
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NF — Noise Flag 
1 = Indicates noise is present on the receive bits, in- 
cluding the start and stop bits. ee is not set until 
RDRF =1. 
O=NF is cleared by reading the SCSR (with NF=1), 
followed by a read of the RDR. 
FE — Framing Error 
1=Indicates stop bit not detected in received data 
character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR i is inhib- 
ited until FE is cleared. 
O=NF is cleared by reading the SCSR (with FE=1), 
followed by a read of the RDR. 
Bit 0 — Not used 
Can read either one or zero 


Baud Rate Register $0D 


The baud rate register is used to select the SCI trans- 
mitter and receiver baud rate. SCPO and SCP1 prescaler 
bits are used in conjunction with the SCRO through SCR2 
baud rate bits to provide multiple baud rate combinations 
for a given crystal frequency. Bits 3, 6, and 7 always read 
zero. 


= To Teen [Te Tae Tae 


RESET: 
aa ames 0 0 a U U U 










| SCPBit Bit Clock* 






*Refers to the internal processor clock. 








0 0 131.072 kHz 125.000 kHz 76.80 kHz 62.50 kHz 57.60 kHz 
0 1 43.691 kHz 41.666 kHz 25.60 kHz 20.833 kHz 19.20 kHz ~ 
1 0 32.768 kHz 31.250 kHz 19.20 kHz 15.625 kHz 14.40 kHz 
1 10.082 kHz 9600 Hz 5.907 kHz ~ 4800 Hz 4430 Hz 


SCPO — SCI Prescaler Bit 0 
SCP1 — SCI Prescaler Bit 1 
-. Two prescaler bits are used to increase the range of 
standard baud rates controlled by the SCRO-SCR2 
bits. Prescaler internal processor clock division ver- 
SUS bit levels are listed in Table 2. 


SCRO — SCI Baud Rate Bit 0 

SCR1 — SCI Baud Rate Bit 1. 

SCR2 — SCI Baud Rate Bit 2 
Three baud rate bits are used to select the baud rates 
of the SCI transmitter and SCI receiver. Baud rates 
versus bit levels are listed in Table.3.. 


Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by the combined SCPO-SCP1 and SCRO- 
SCR2 bits in the baud rate register. All divided frequen- 
cies shown in Table 3 represent the final baud rate re- 
sulting from the internal processor clock division shown 
in the divided-by column only (prescaler division only). 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (GCRO-SCR2). For example, assume 
that a 9600-Hz baud rate is required with a 2.4576-MHz 
external crystal. In this case, the prescaler bits (SCPO- 
SCP1) could be configured as a divide-by-one or a divide- 
by-four. If a divide-by-four prescaler is used, then the 
SCRO-SCR2 bits must be configured as a divide-by-two. 
Using the same crystal, the 9600 baud rate can be ob- 
tained with a prescaler divide-by-one and the SCRO-SCR2 
bits configured for a divide-by-eight. 


Table 3. Prescaler Highest Baud Rate Frequency Output 






Crystal Frequency MHz 
1.8432 














NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 


Table 4. Transmit Baud Rate Output for a Given Prescaler Output 


” 
Ps] 
2 
> 
a” 


Representative Highest Prescaler Baud Rate Output 


Divided — 
| o | By 131.072 kHz 32.768 kHz 76.80kHz | 19.20kHz | 9600 Hz 


131.072 kHz 32.768 kHz 76.80 kHz | 19.20 kHz 9600 Hz 
— 65.536 kHz 16.384 kHz 38.40 kHz 9600 Hz 4800 Hz 
32.768 kHz 8.192 kHz 19.20 kHz 4800 Hz 2400 Hz 
16.384 kHz 4.096 kHz 9600 Hz 2400 Hz 1200 Hz 
8.192 kHz ~ 2.048 kHz 4800 Hz 1200 Hz 600 Hz 
4.096 kHz 1.024 kHz 2400 Hz 600 Hz 300 Hz 
2.048 kHz 512 Hz 1200 Hz 300 Hz 150 Hz 
1.024 kHz 256 Hz 600 Hz 150 Hz 75 Hz 


NOTE: Table 4 illustrates how the SCI select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud 
rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 
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SERIAL PERIPHERAL INTERFACE 


The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 
data stream and must be furnished as a separate signal. 
An SPI system may consist of one master MCU and sev- 
eral slaves (Figure 14) or MCUs that can be either masters 
or slaves. 


Features: 

e@ Full-duplex, three-wire synchronous transfers 
Master or slave operation 
1.05 MHz (maximum) master bit frequency 
2.1 MHz (maximum) slave bit frequency 
Four programmable master bit rates 
Programmable clock polarity and phase 
End-of-transmission interrupt flag 
Write collision flag protection 
Master-master mode fault protection capability 


SIGNAL DESCRIPTION 

The four basic signals (MOSI, MISO, SCK, and SS) are 
described in the following paragraphs. Each signal func- 
tion is described for both master and slave mode. 


Master Out, Slave In 

The master out, slave in (MOSI) line is configured as 
an output in a master device and as an input in a slave 
device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. 


Master In, Slave Out 
The master in, slave out (MISO) line is configured as 


an input in a master device and as an output in a slave 
device. The MISO is one of two lines that transfer serial 


data in one direction with the most significant bit sent 
first. The MISO line of a slave device is placed in a high- 
impedance state if slave is not selected (SS = 1). 









M6805 HCMOS 
Master 





M6805 HCMOS Slave 3 


M6805 HCMOS Slave 2 


Serial Clock 

The serial clock (SCK) is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 
master and slave devices can exchange a byte of infor- 
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 15, four possible timing relation- 
ships may be chosen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 

Two bits (SPRO and SPR71) in the SPCR of the master 
device select the clock rate. In a slave device, SPRO and 
SPR1 have no effect on SPI operation. 


Slave Select 

The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions and 
must stay low for the duration of the transaction. The SS 
line on. the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF) is set in the serial 
peripheral status register (SPSR). _ 

When CPHA=0, the shift clock is the OR of SS with 
SCK. In this clock phase mode, SS must go high between 


" successive characters in an SPI message. When CPHA= 1, 


SS must go high between successive characters in an 
SPI message. When CPHA=1, SS may be left low for 
several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
Vss as long as CPHA=1 clock modes are used. 


FUNCTIONAL DESCRIPTION 

A block diagram of the SPI is shown in Figure 16. In a 
master configuration, the CPU sends a signal to the mas- 
ter start logic, which originates an SPI clock (SCK) based 
on the internal processor clock. As a master device, data 
is parallel loaded into the 8-bit shift register from the 
internal bus during a write cycle and then serially shifted 


MISO SCK 





M6805 HCMOS Slave 1 


Figure 14. Master-Slave System Configuration 
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Figure 15. Data Clock Timing Diagram 
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Figure 16. SPI Block Diagram 


via the MOSI pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via the MISO 
pin to the 8-bit shift register. Data is then parallel trans- 
ferred to the read buffer and made available to the in- 
ternal data bus during a CPU read cycle. | 

In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data 
from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans- 
fer to the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 
bus, awaiting the clocks from the master to shift out se- 
rially to the MISO pin and then to the master device. __ 

Figure 17 illustrates the MOSI, MISO, SCK, and SS 
master-slave interconnections. 


REGISTERS 


There are three registers in the SPI that provide control, 
status, and data storage functions. These registers, the 


serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data I/O reg- 
ister (SPDR), are described in the following paragraphs. 


Serial Peripheral Control Register $0A 


The SPCR provides control of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
slave mode select, and clock polarity/phase/rate select. 


7 6° OS 4 3 2 1 0 
spic | spe | — | msTR | cpot | cPHA | SPRI | SPRO 


RESET: 
0 0 —- - 0 U U U U 


SPIE — Serial Peripheral Interrupt Enable 
1=SPI interrupt enabled 
O=SPI interrupt disabled 

SPE — Serial Peripheral System Enable 
1=SPI system on 
0=SPI system off 
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Figure 17. SPI Master-Slave Interconnections 


MSTR — Master Mode Select 
1 =Master mode 
0=Slave mode 
CPOL — Clock Polarity 
Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 
1=SCK line idles high 
0=SCK line idles in low state 
CPHA — Clock Phase 
Clock phase bit along with CPOL controls the clock- 
data relationship between the master and slave de- 
vices. CPOL selects one of two clocking protocols. 
1=SS is an output enable control. —__ 
0 = Shift clock is the OR of SCK with SS. 
When SS is low, first edge of SCK invokes first 
data sample. 
SPRO, SPR1 — SPI Clock Rate Bits 
Two clock rate bits are used to select one of four clock 
rates to be used as SCK in the master mode. In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following table. 
Bit 5 —- Not used 
Can read either one or zero 


SPI Clock Rate Selection 


Internal Processor 
Clock Divided By 


2 


16 
32 








0 0 
0 1 4 
1 0 
1 1 


Serial Peripheral Status Register $0B 
The SPSR contains three status bits. 


7 6 5 4 3 2 f ..% 
oe [wer [ — Two T- T= T= 
RESET: 
0 0 _ 0 st = 2 2 


SPIF — Serial Peripheral Data Transfer Flag 
1=Indicates data transfer completed between pro- 
cessor and external device. 
(If SPIF=1 and SPIE=1, SPI interrupt is ena- 
bled.) 





0=Clearing is accomplished by reading SPSR (with 
SPIF=1) followed by SPDR access. 
WCOL — Write Collision 
1=Indicates an attempt is made to write to SPDR 
while data transfer is in process. 
0=Clearing is accomplished by reading SPSR (with 
WCOL = 1), followed by SPDR access. 
MODF — Mode Fault Flag 
1=Indicates multi-master system control conflict. 
0=Clearing is accomplished by reading SPSR (with 
MODF = 1), followed by a write to the SPCR. 
Bits 0-3, and 5 — Not used 
Can read either zero or one 


Serial Peripheral Data I/O Register $0C 


The SPDR is a read/write register used to receive and 
transmit SPI data. 


7 6 5 4 3 2 0 


RESET: 
U U U U U U U U 


A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will 
only occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. | 

A read to the SPDR causes the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 


INSTRUCTION SET 


The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
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(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 


XiA X*A | ; 


Description | Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 


H: Cleared 
I: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 























Condition 
Codes 


Addressing 
Mode 
inherent 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 


[uneton 


Add Memory and Carry toA | apc | 
Subtract Memory | suB | 




















LDA 
LDX 
STA 
STX 
ADD 
ADC 

| SUB 

SBC 

AND Memory to A AND | 
OR Memory with A ORA | 

EOR 

CMP 

CPX 

BIT 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 










Increment | 


Complement 


[complement ——SSCSCSCSCSCS~C~S~stC 
on 














LSR 
Arithmetic Shift Right ASR 
Test for Negative or Zero TST 





Multiply 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. 



















Function Mnemonic 


Branch Always 


Branch Never 
















Branch if Higher BHI 
Branch if Lower or Same BLS 


Branch if Carry Clear 


Branch if Higher or Same 





Branch if Carry Set 


BHS 
BCS 
Branch if Equal | 
Branch if Half Carry Clear | BHCC 
Branch if Minus 


Branch if Interrupt Mask Bit is Clear BMC 


Branch if Interrupt Mask Bit is Set 













Branch if Interrupt Line is Low 


Branch if Interrupt Line is High 
Branch to Subroutine ! 








BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
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of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 


Branch if Bit n is Set BRSET n (n=0... 7) 
Branch if Bit n is Clear BRCLR n (n=0... 7) 


Set Bit n BSET n(n=0...7) 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. 
















Function 
Transfer A to X 
Transfer X to A 
Set Carry Bit 
Clear Carry Bit 
Set Interrupt Mask Bit 
Clear Interrupt Mask Bit 


Software Interrupt 


Return from Subroutine 
Return from Interrupt 
Reset Stack Pointer 
No-Operation 

Stop 

Wait 


OPCODE MAP SUMMARY 


Table 5 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
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applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand is con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from — 126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 


In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
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Table 5. Opcode Map 
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Abbreviations for Address Modes 


INH inherent 

A Accumulator 
x index Register 
IMM Immediate 
DIR Direct 

EXT Extended 

REL Relative 


BSC Bit Set/ Clear 

BTB Bit Test and Branch 

IX Indexed (No Offset) 

1X1 indexed, 1 Byte (8-Bit) Offset 
IX2 Indexed, 2 Byte (16-Bit) Offset 


Opcode in Hexadecimal 


Opcode in Binary 





Address Mode 
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the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction ailows tabies to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR 

In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
I/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from —125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained tn the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 


ELECTRICAL SPECIFICATIONS 


MAXIMUM RATINGS (Voltages referenced to Vss) 






This device contains circuitry to protect the in- 
puts against damage due to high static voltages 








Rating | Symbot| Value | Unit _| 


DD : or electric fields; however, it is advised that nor- 

Input Voltage Vin Vss —0.3 to mal precautions be taken to avoid application of 
Vpp +0.3 any voltage higher than maximum-rated voltages 

V: to this high-impedance circuit. For proper oper- 

mM ation, it is recommended that Vin and Voyt be 

constrained to the range Vss < (Vjn or Vout) = 


Vpp. Reliability of operation is enhanced if un- 



















os = 
Self-Check Mode (IRQ Pin Only) Vss —0.3 to 
2x Vpp + 0.3 


25 





= 


Current Drain Per Pin Excluding 
















Vpp and Vss = used inputs are connected to an appropriate logic 
Operating Temperature Range TA TL to TH vonegeslevel ied: oiner YS Sor VDD) 

MC68HCO5C4P, FN (Standard) Oto +70 

MC68HCO5C4CP, CFN (Extended) —40 to +85 


~40 to +125 
=65 to +150 


















MC68HCO5C4MP, MFN (Automotive) | 


| Storage Temperature Range ig Tstg 








THERMAL CHARACTERISTICS 


Characteristic 


Thermal Resistance 
Plastic 
Plastic Leaded Chip Carrier (PLCC) 


Symbol] Value | Unit _| 


OJA 
60 
70 
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POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Ta + (Pp * 8ya) (1) 
where: 
Ta = Ambient Temperature, °C 
BIA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = Pintt+Pio . 
PINT = loc x Vcc. Watts — Chip Internal Power 
Plo = Power Dissipation on Input and Output 


Pins — User Determined 


Vpp =4.5 V 


Pins | omy] 2 

















PAO-PA7, 3.26 kQ | 2.38kQ | 50 pF 
PBO-PB7, | 
PCO-PC7, 
PD1-PD4 


PAO-PA7, 10.91 kQ | 6.32 kD 


PBO-PB7, 





Cc 
50 pF 







PCO-PC7, 
PD1-PD4 


PDO, PD5, PD7 


For most applications P);Q<P)jy7 and can be neglected. 
The following is an approximate relationship between 
Pp and Ty (if Pj is neglected): 


Pp=K-=+ (Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp * (Ta + 273°C) + Oy AsPD? (3) 


where K is a constant pertaining to the particular part. K 
can be determined from equation (3) by measuring Pp 
(at equilibrium) for a known Ty. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty. 


VDD 
R2 
(See Table) 
Test 
Point 
R1 
Cc 
(See (See Table) 
Table) 


Figure 18. Equivalent Test Load 
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DC ELECTRICAL CHARACTERISTICS 
(Vpp = 5.0 Vdc + 10%, Vsgs =0 Vdc, TA=TL to Ty, unless otherwise noted) 


Characteristic Symbol | min | Typ | Max 


Output Voltage, IL gad=10.0 A VOL = 
VOH Vpp ~ 0.1 


Output High Voltage VOH 
(IL oad = 0.8 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) 
(IL oad = 1.6 mA) PD1-PD4 (see Figure 20) 


Output Low Voltage (see Figure 21) VOL 
(ILoad = 1.6 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 
Input High Voltage Vi 


PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


Input Low Voltage ee VIL 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


Data Retention Mode (0° to 70°C) VRM 


Supply Current (see Notes) IDD 
Run (see Figures 22 and 23) 
Wait (see Figures 22 and 23) 
Stop (see Figure 23) 

25°C 

0° to 70°C (Standard) 
~ 40° to +85°C 

—40° to + 125°C 


































































I/O Ports Hi-Z Leakage Current HL 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 
n 


Input Current. I 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


Capacitance 
Ports (as Input or Output) Cout 
| __ RESET, IRQ, TCAP, PDO-PDS5, PD7 Cin 


NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait Ipp: Only timer system active (SPE = TE =RE=0). If SPI, SCI active (SPE =TE=RE=1) add 10% current draw. 
4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fggc¢ =4.2 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, CL =20 pF on OSC2. 
. Wait, Stop Ipp: All ports configured as inputs, Vip =0.2:V, ViH=Vpp -— 0.2 V. 
. Stop Ipp measured with OSC1=Vss. 
7. Standard temperature range is 0° to 70°C. Extended temperature (~- 40° to +85°C, — 40° to +125°C) versions and a 25°C only 
version are available. 
8. Wait Ipp is affected linearly by the OSC2 capacitance. 








Own 
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DC ELECTRICAL CHARACTERISTICS 
(Vpp =3.3 Vde+ 10%, Vgg =0 Vdc, TA=TL to Ty, unless otherwise noted) 


Symbol 


Output Voltage, IL_oaq<10.0 pA 













Output High Voltage 
(ILoad = 0.2 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) 
(ILoad = 1.6 mA) PD1-PD4 (see Figure 20) 


Output Low Voltage (see Figure 21) 
(ILoad = 0-4 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 


Input High Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRO, 
RESET, OSC1 


Input Low Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRO, 
RESET, OSC1 


Data Retention Mode (0° to 70°C) 







































Supply Current (see Notes) 
Run (see Figures 22 and 24) 
Wait (see Figures 22 and 24) 
Stop (see Figure 24) 

25°C 

0° to 70°C (Standard) 
— 40° to +85°C 
—40° to + 125°C 


Input Current 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


Capacitance 
Ports (as Input or Output) 
RESET, IRQ, TCAP, PDO-PD5, PD7 






NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait Ipp: Only timer system active (SPE = TE =RE=0). If SPI, SCI active (SPE =TE=RE=1) add 10% current draw. 
4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fgg¢=4.2 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, CL =20 pF on OSC2. 

. Wait, Stop Ipp: All ports configured as inputs, Vj, =0.2 V, ViH=Vpp — 0.2 V. 

. Stop Ipp measured with OSC1=Vss. 

. Standard temperature range is 0° to 70°C. Extended temperature (—40° to +85°C, — 40° to + 125°C) versions and a 25°C only 
version are available. : 

8. Wait Ipp is affected linearly by the OSC2 capacitance. 


“NWO O1 
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IigH| (mA) 





Vpop-VOH (Volts) 


Figure 19. Typical VoH vs IoH for Ports A, B, C, and TCMP 





Ilow| (mA) 





Vpop-VoH (Volts) 


VoL (Volts) 


Figure 20. Typical VOH vs IOH for PD1-PD4 Figure 21. Typical VoL vs Io, for All Ports 
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-MC68HCO05C4 


(3.5 mA) 
3.5 


(2.9 mA) 
RUN 
(OPERATING) 
MODE 





3.0 


lop (mA) 


0.5 





0 — 05> 1.0 1.5 2.0 0 
Internal Frequency 1/tcycle (MHz) 


0.5 1.0 1.5 2.0 
Internal Frequency 1/tcycle (MHz) 


Figure 22. Typical Current vs internal Frequency for Run and Wait Modes 
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IpDp (mA) 


MC68HC05C4 


7.0 


6.0 





50 


4.0 





3.0 


2.0 


0 0.5" 1.0 15 
Internal Frequency (MHz) 


Figure 23. Maximum Ipp vs Frequency for Vpp =5.0 Vdc 


Vpp=3.3 V+ 10% 


IpDp (mA) 


Stop Ipp (80 pA, 0°- 70°C) 
Rae eae ase Serer 





0 02 0.4 0.6 0.8 1.0 
Internal Frequency (MHz) 


Figure 24. Maximum Ipp vs Frequency for Vpp =3.3 Vdc 
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CONTROL TIMING 
(Vpp = 5.0 Vdc + 10%, Vsg =0 Vdc, Ta=TL to Ty) 


Characteristic 


Frequency of Operation 
Crystal Option 
External Clock Option 


Internal Operating Frequency 
Crystal (fosc + 2) 
External Clock (fgs¢ = 2) 


Crystal Oscillator Startup Time (see Figure 28) 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) | 


RESET Pulse Width (see Figure 28) | 


Timer 
Resolution** 
Input Capture Pulse Width (see Figure 26) 
Input Capture Pulse Period (see Figure 26) 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) 
Interrupt Pulse Period (see Figure 8) 
OSC1 Pulse Width 





*The minimum period tj, |; should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 teyc. 





oscil 





tILCH 406 4'teyc 


Internal 
Clock . 






Internal : 
ses OOOO es Xe XC ere Xe Xe) 





RESET or Interrupt 
NOTES: Vector Fetch 
1. Represents the internal gating of the OSC1 pin. 
2. IRQ pin edge-sensitive mask option. 
3. IRO pin level and edge-sensitive mask option. 
4. RESET vector address shown for timing example. 





Figure 25. Stop Recovery Timing Diagram 
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CONTROL TIMING 
(Vpp =3.3 Vde+ 10%, Vgg =0 Vdc, TA=T| to Ty) 


Symbol 







Frequency of Operation fosc MHz 
Crystal Option — 
External Clock Option dc 

Internal Operating Frequency MHz 


Crystal (fosc = 2) 
External Clock (fosg¢ = 2) 








Qa 

io) 
NN 
Oo oO 








Cycle Time (see Figure 28) 
Crystai Osciliator Startup Time (see Figure 28) toxov 100 
Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) cone ae 100 
RESET Pulse Width — Excluding Power-Up (see Figure 28) | ote | 8 teyc 
Timer 

Resolution** 4.0 teyc 


250 


HH 


Input Capture Pulse Width (see Figure 26) 
Input Capture Pulse Period (see Figure 26) 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tILIH 


Interrupt Pulse Period (see Figure 8) TILIL 


OSC1 Pulse Width tOH, toL 200 





; 
n 


ad 
oO s 
Oo on 


ik 
wn 


tcyc 





*The minimum period ty |, should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
**Since ¢ a 2. bit prescaler in the timer must count four internal cycles (teyc). this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 tcyc. 





i | 'TH — — (TL = 
External 

Signal | | | | | | | | | | | | 
(TCAP 

Pin 37) 


Figure 26. Timer Relationships 
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SERIAL PERIPHERAL. INTERFACE (SPI) TIMING 
(Vpp =5.0 Vdc + 10%, Vgg =0 Vdc, Ta=T | to Ty) (see Figure 27) 



















































































| Num. | Characteristic Symbol Min Max Unit 
Operating Frequency 
Master fop(m) dc 0.5 ~ fop 
Slave fop(s) de dc 2.1 MHz 
1 Cycle Time “ul 
Master teyc(m) 2.0 _ teyc 
Slave . tcyc(s) 480 — = ns 
2 . | Enable Lead Time | 
- Master tlead(m) i — ns 
3 Enable Lag Time 
_{| Master tlag(m) * ee ns 
Slave _| tlag(s) - 240 — + ns | 
4 | Clock (SCK) High Time 
Master twiSCKH)m 340 = ns 
Slave tw(SCKH)s 190 — | ns | 
5 Clock (SCK) Low Time 
| Master . twiSCKL)m 340 — | ns: - 
Slave | tw(SCKL)s 190 — | ns | 
Data Setup Time (Inputs) 
Master . tsu(m) 100 = ns 
100 = 
Slave tsu(s) Pe 0 sain ns ! 
ae: Data Hold Time (Inputs) | | 
Master th(m) 100 a ns 
Slave . | this) L 100 am ns 
7 =| 
Access Time (Time to Data Active from High-Ilmpedance State) 
Slave fz 0 120 | ns | 
ia 
Disable Time (Hold Time to High-Impedance State) 
Slave . tdis B | —. 240 ns | 
ae 
10 | Data Valid 
Master (Before Capture Edge) tv(m) 0.25 = teyc(m) 
Slave (After Enable Edge)** tv(s) — 240, | ns 
| 
11 Data Hold Time (Outputs) | 
Master (After Capture Edge) tho(m) 0.25 — teyc(m) 
Slave (After Enable Edge) . tho(s) L 0 — ns 
12 |Rise Time (20% Vpp to 70% Vpp, Ci = 200 pF) il 
SPI Outputs (SCK, MOSI, and MISO) _ trm — 100 ns 
SPI Inputs (SCK, MOSI, MISO, and SS) L trs — 2.0 L WLS 
13 | Fall Time (70% Vpp to 20% Vpp, C,. = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) _ ttm — 100 ns 
SPI Inputs (SCK, MOSI, MISO, and SS) | tts 20 — 2.0 _| ws 





*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(Vpp =3.3 Vdc + 10%, Vgsg =0 Vdc, TA=TL to Ty) (see Figure 27) 


Characteristic Symbol Min 





Operating Frequency 



































Master fop(m) dc 0.5 fop 
Slave fop(s) dc 1.0 MHz 
1 Cycle Time 
Master tcyc(m) 2.0 teyc 
Slave teyc(s) 1.0 LS 
2 Enable Lead Time 
Master tlead(m) x — ns 
LL Siave tlead(s) 500 = ns 
3 Enable Lag Time 
Master tlag(m) - ns 
| Slave tiag(s) 500 ns 
J 4 Clock (SCK) High Time 
Master tw(SCKH)m 720 LS 
EE Slave tw(SCKH)s 400 ns 
5 Clock (SCK) Low Time 
Master tw(SCKL)m 720 WS 
| Slave tw(SCKL)s 400 ns 
6 Data Setup Time (Inputs) 
Master tsu(m) 200 
Slave tsu(s) 200 
7 Data Hold Time (Inputs) 


Master th(m) 200 
Slave 200 


8 Access Time (Time to Data Active from High-Impedance State) 
Slave 


jo) 


25 


feb) 
wn 


9g Disable Time (Hold Time to High-Impedance State) 


ct 
a + |S 
a a 


re 
N N 
jo) i=) 

= 

” 


Slave 500 S 
10 ‘| Data Valid 

Master (Before Capture Edge) tv(m) 0.25 — teyc(m) 

Slave (After Enable Edge)** tv(s) — 500 


11. | Data Hold Time (Outputs) 
Master (After Capture Edge) tho(m) 
Slave (After Enable Edge) tho(s) 


12 |Rise Time (20% Vpp to 70% Vpp, CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) _ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


13 | Fall Time (70% Vpp to 20% Vpp, CL = 200 pF) 
SPI Outputs (SCK, MOSI, and MISO) _ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


0.25 tcyc(m) 


wn n nn 





200 ns 





200 ns 
LS 








i 








*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
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aun $B is Held High on Master 


SCK (CPOL=0) SEE 
(OUTPUT) NOTE ¥ 

4) 
SCK (CPOL=1) 


©) 
as 
(OUTPUT) NOTE . Le Las 
i ey 
Gi) 


MISO 
(INPUT) 


MOS! 
(OUTPUT) 





NOTE: This first clock edge is generated internally but is not seen at the SCK pin. 





a) SPI MASTER TIMING (CPHA=0) 


ae 3S is Held High on Master 


| WD) ® ® ® 
SCK (CPOL=0) jon ae SEE 
(OUTPUT) ¥ NOTE 
(4) 
SCK (CPOL«1) a -_ , SEE 
(OUTPUT) NOTE 
(4) 
02) (3) 
(11) 


(INPUT) 


MOSI 
(OUTPUT) 





NOTE: This last clock edge is generated internally but is not seen at the SCK pin. 


b) SP! MASTER TIMING (CPHA = 1) 


Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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SS 
(INPUT) 


SCK (CPOL=0) 
(INPUT) 


a 


. 
SCK (CPOL=1) 
(INPUT) @ 
(8) (12) (9) 
MISO ne \/ SEE 
6} HZ) (19) 
MOSI 


CO) (1) 
WEL f MSBIN  } LSB IN 


NOTE: Not defined but normally MSB of character just received. 


&) 





c) SP! SLAVE TIMING (CPHA = 0) 


SS 
(INPUT) 


SCK (CPOL=0) 
(INPUT) 


SCK (CPOL=1) 
(INPUT) 
(8) 


rae 
iteun —K rte Se || wssorr [Rarer | suvetsso 
MOSI | ; IN 
(INPUT) ‘Peak (are ) ee 


NOTE: Not defined but normally LSB of character previously transmitted. 





os 
(2) @) 
ee 


d) SPI SLAVE TIMING (CPHA = 1) 


Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 
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968-€ 
VLVG YOSSADOYdOYDIIN VIOHOLOW 








'VDDR 
| 
| 


VDD | Vpp Threshold (1-2 V Typical) 


mee er TINT LLL ULTELLTLLLLLLLTLLLLLLLL1 


{tOxOV 4064 toyc | 


l | tt 
| | Ke ‘cyc 
{ 
Internal 


Clock * 


Internal 
Address 
Bus* 
Internal 
Data Op Op 
Bus* Code Code 
tRL : 


RESET 
\ HH Fi 


* Internal timing signal and bus information not available externally. 
**QOSC1 line is not meant to represent frequency. It is only used to represent time. 
*** The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 


F 





Figure 28. Power-On Reset and RESET 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS™, disk file 

MS*”-DOS/PC-DOS disk file (360K) 

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, asales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer’s program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer's name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


A 2764, 68764, or 68766 type EPROM, programmed 
with the customer’s program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 2764, 68764, or 68766 EPROM device, the EPROM 
must be programmed as described in the following par- 
agraphs. 

For an MC68HC805C4 MCU start the page zero, user 
ROM at EEPROM address $0020 through $004F. Start the 
user ROM at EEPROM address $0100 through $10FF with 
vectors from $1FF4 to $1FFF. All unused bytes, including 
the user’s space, must be set to zero. For shipment to 
Motorola, EPROMs should be placed in a conductive IC 
carrier and packed securely. Styrofoam is not acceptable 
for shipment. 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 


xxx ~ Customer ID 


Verification Media 


All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer’s ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HC05C4 device. 


Package Type MC Order Number 

















Plastic 0°C to + 70°C MC68HC05C4P 
(P Suffix) — 40°C to + 85°C MC68HCO5C4CP 
—40° to +105°C MC68HCO5C4VP 


— 40°C to + 125°C 


o°c to + 70°C 
— 40°C to + 85°C 
— 40°C to + 105°C 
-~ 40°C to + 125°C 


MC68HCO5C4MP 


MC68HCO5C4FN 
MC68HCO5C4CFN 
MC68HCO5C4VFN 
MC68HCO5C4MFN 















PLCC 
(FN Suffix) 






IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 


40-PIN DUAL-IN-LINE PACKAGE 


= 


VDD 

OSC1 
OSC2 
TCAP 
PD7 
TCMP 
PD5/SS 
PD4/SCK 
PD3/MOSI 
PD2/MISO 
PD1/TDO 
PDO/RDI 


2 
3 
4 
5 
6 
7 
8 
9 


PCO 
PC1 
PC2 
PCS 
PC4 








NOTE: Bulk substrate tied to Vss. 
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TECHNICAL DATA 
MC68HC05C8 


Technical Summary 
8-Bit Microcontroller Unit 


The MC68HC05C8 (HCMOS) microcontroller unit (MCU) is a member of the M68HCO05 Family of 
microcontrollers. This high-performance, low-power MCU has parallel I/O capability with pins pro- 
grammable as input or output. This publication contains condensed information on the MCU; for 
more detailed information, contact your local Motorola sales office. 

The following biock diagram depicts the hardware features; additional features available on the 
MCU are as follows: 

@ On-Chip Oscillator with RC or Crystal/Ceramic Resonator Mask Options 
Memory-Mapped 1|/O 
176 Bytes of On-Chip RAM 
7740 Bytes of User ROM 
24 Bidirectional I/O Lines and 7 Input-Only Lines 
Serial Communications Interface (SCI) System 
Serial Peripheral Interface (SPI) System 
Self-Check Mode 
Power-Saving STOP, WAIT, and Data Retention Modes 
Single 3.0- to 5.5-Volt Supply (2-Volt Data Retention Mode) 
Fully Static Operation 
8 x 8 Unsigned Multiply Instruction 





BLOCK DIAGRAM 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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SIGNAL DESCRIPTION 


The signal descriptions of the MCU are discussed in 
the following paragraphs. . 


Vpp AND Vss 


Power is supplied to the microcontroller using these 
two pins. Vpp is the positive supply, and Vss is ground. 


IRO 


This pin is a programmable option that provides two 
different choices of interrupt triggering sensitivity. Refer 
to INTERRUPTS for more detail. 


OSC1, OSC2 


These pins provide control input for an on-chip clock 
oscillator circuit. Acrystal, a ceramic resonator, a resistor/ 
capacitor combination, or an external signal connects to 
these pins providing a system clock. A mask option se- 
lects either a crystal/ceramic resonator or a resistor/ca- 





Crystal 
PE 2 MHz | 4 MHz | Units 
HRsmax | 400 [| 75 | a2 
ce ee ee ee 
TO12 
[Coser | 1540 | 15:30 [pF 
Cs ee ee 
POW. | Wf 40] 


- pacitor as the frequency determining element. The 


oscillator frequency is two times the internal bus rate. 


RC Oscillator 

With this option, a resistor is connected to the oscillator 
pins as shown in Figure 1(d). The relationship between 
R and fosc is shown in Figure 2. 


Crystal 

The circuit shown in Figure 1(b) is recommended when 
using a crystal. Using an external CMOS oscillator is rec- 
ommended when crystals outside the specified ranges 
are to be used. The crystal and components should be 
mounted as close as possible to the input pins to mini- 
mize output distortion and start-up stabilization time. Re- 
fer to ELECTRICAL SPECIFICATIONS for Vpp 
specifications. 


Ceramic Resonator 
A ceramic resonator may be used in place of the crystal 
in cost-sensitive applications. The circuit in Figure 1(b) is 


Ceramic Resonator 


P24 MHz] Units _| 











{coscr [| 30 [pF 
Rp 
fQ.CsdS4250 


(a) Crystal/Ceramic Resonator Parameters 





cae T Cosc2 


(b) Crystal/Ceramic Resonator 
Oscillator Connections 





(d) RC Oscillator Connections 


i C1 Re 
OSC2 OSCl 
38 39 
Co 
38 if]! 39 


(c) Equivalent Crystal Circuit 





Unconnected 


External Clock 


(e) External Clock Source Connections 
(For Crystal Mask Option Only) 


Figure 1. Oscillator Connections 
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Resistance (kQ) 


Figure 2. Typical Frequency vs Resistance for 
RC Oscillator Option Only 


recommended when using a ceramic resonator. Figure 
1(a) lists the recommended capacitance and resistance 
values. The manufacturer of the resonator considered 
should be consulted for specific information on resonator 
operation. 


External Clock 


An external clock should be applied to the OSC1 input 
with the OSC2 input not connected, as shown in Figure 
1(e). This option may only be used with the crystal os- 
cillator mask option. 


INPUT CAPTURE (TCAP) 


This pin controls the input capture feature for the on- 
chip programmable timer. 


OUTPUT COMPARE (TCMP) 


This pin provides an output for the output compare 
feature of the on-chip timer. 


RESET 


This pin is used to reset the MCU and provide an or- 
derly start-up procedure by pulling RESET low. 





INPUT/OUTPUT PORTS (PA0-PA7, PBO-PB7, PCO-PC7) 

These 24 lines are arranged into three 8-bit ports (A, 
B, and C). These ports are programmable as either inputs 
or Outputs under software control of the data direction 
registers. Refer to PROGRAMMING for additional infor- 
mation. 


FIXED INPUT PORT (PDO-PD5, PD7) 

These seven lines comprise port D, a fixed input port. 
All special functions that are enabled (SPI, SC!) affect this 
port. Refer to PROGRAMMING for additional information. 


PROGRAMMING 


Input/output port programming, fixed input port pro- 
gramming, and serial port programming are discussed 
in the following paragraphs. 


INPUT/OUTPUT PORT PROGRAMMING 


Any port pin is programmable as either an input or an 
output under software control of the corresponding data 
direction register (DDR). Each port bit can be selected as 
output or input by writing the corresponding bit in the 
port DDR to a logic one for output and logic zero for input. 
On reset, all DDRs are initialized to logic zero to put the 
ports in the input mode. The port output registers are not 
initialized on reset but may be written to before setting 
the DDR bits to avoid undefined levels. 

When programmed as outputs, the latched output data 
is readable as input data regardless of the logic levels at 
the output pin due to output loading. The latched output 
data bit may always be written. Therefore, any write to 
a port writes all of its data bits, even though the port DDR 
is set to input. This port write may be used to initialize 
the data registers and avoid undefined outputs. Refer to 
Figure 3 for typical port circuitry and to Table 1 for a list 
of the I/O pin functions. 


Table 1. I/O Pin Functions 
| RAW* | DDR | /O Pin Functions 
The I/O pin is in input mode. Data is 
written into the output data latch. 
1 Data is written into the output data latch 
and output to the I/O pin. 
| 1 | 0 _| The state of the /O pin is read. 
1 1 The I/O pin is in an output mode. The 
output data latch is read. 


*R/W is an internal signal. 













FIXED INPUT PORT PROGRAMMING 


Port D is a fixed input port (PDO-PD5, PD7) that monitors 
the external pins whenever the SCI or SPI is disabled. 
After reset, all seven bits become valid inputs because 
all special function drivers are disabled. For example, 
with the SCI enabled, PDO and PD1 inputs will read zero. 
With the SPI disabled, PD2 through PD5 will read the state 
of the pin at the time of the read operation. 
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Internal 
MCU 
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Figure 3. Typical Port I/O Circuit 


NOTE 


Any unused inputs and 1/O ports should be tied to 
an appropriate logic level (e.g., either Vpp or Vss). 


SERIAL PORT (SCI AND SPI) PROGRAMMING 


The SCI and SPI use the port D pins for their functions. 
The SCI requires two pins (PDO-PD1) for its receive data 
input (RDI) and transmit data output (TDO), respectively. 
The SPI function requires four of the pins (PD2-PD5) for 


its serial data input/output (MISO), serial data output/: 


input (MOSI), serial clock (SCK), and slave select (SS), 
respectively. 


MEMORY 


The MCU is capable of addressing 8192 bytes of mem- 
ory and I/O registers, as shown in Figure 4. The locations 
consist of user ROM, user RAM, self-check ROM, control 
registers, and |/O. The user-defined reset and interrupt 
vectors are located from $1FF4 to $1FFF. 

The shared stack area is used during processing of an 
interrupt or subroutine call to save the CPU state. The 
stack pointer decrements during pushes and increments 
during pulls. Refer to INTERRUPTS for additional infor- 
mation. - = 


NOTE 


Using the stack area for data storage or temporary 

work locations requires care to prevent it from being 

overwritten due to stacking from an interrupt or 
_ subroutine call. | 


REGISTERS 


The MCU contains the registers described in the fol- 
lowing paragraphs. 


ACCUMULATOR (A) 


The accumulator is a general-purpose 8-bit register used 
to hold operands and results of arithmetic. calculations 
or data manipulations. 


7 0 


INDEX REGISTER (X) 


The index register is an 8-bit register used for the in- 
dexed addressing mode. It contains an 8-bit value that 
may be added to an 8- or 16-bit immediate value to create 
an effective address. The index register may also be used 
as a temporary storage area. 


] 0 


PROGRAM COUNTER (PC) 


The program counter is a 13-bit register that contains 
the address of the next byte to be fetched. 


12 - 0 


| 


STACK POINTER (SP) 


The stack pointer is a 13-bit register that contains the 
address of the next free location on the stack. During an 
MCU reset or the reset stack pointer (RSP) instruction, 
the stack pointer is set to location $00FF. The stack pointer 
is then decremented as data is pushed onto the stack and 
incremented as data is pulled from the stack. 

When accessing memory, the seven most significant 
bits are permanently set to 0000011. These seven bits are 
appended to the six least significant register bits to pro- 
duce. an address within the range of $00FF to $00CO. 
Subroutines and interrupts may use up to 64 (decimal) 
locations. If 64 locations are exceeded, the stack pointer 
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Figure 4. Memory Map 


wraps around and loses the previously stored informa- 
tion. A subroutine call occupies two locations on the stack; 
an interrupt uses five locations. 


12 0 


fi 
ofofojofofijiy se 


CONDITION CODE REGISTER (CCR) 


The CCR is a 5-bit register in which four bits are used 
to indicate the results of the instruction just executed. 
These bits can be individually tested by a program, and 
specific actions can be taken as a result of their state. 
Each bit is explained in the following paragraphs. 


CCR 


put itn zie | 


Half Carry (H) 


This bit is set during ADD and ADC operations t) in- 
dicate that a carry occurred between bits 3 and 4. 


Interrupt (I) 


When this bit is set, the timer and external interrup: is 
masked (disabled). If an interrupt occurs while this bitis 
set, the interrupt is latched and processed és soon as the 
interrupt bit is cleared. 


Negative (N) 


When set, this bit indicates that the result of the last 
arithmetic, logical, or data manipulation was negative 
(bit 7 in the result is a logic one). 


Zero (Z) 


When set, this bit indicates that the reult of the last 
arithmetic, logical, or data manipulation vas zero. 
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Carry/Borow (C) 


_Whenset, th’s bit indicates that a carry or borrow out 
of the aithmetic logical unit (ALU) occurred during the 
last arithmetic operation. This bit is also affected during 
bit test and kranch instructions and during shifts and 
rotates 


SELF-CHECK 


The self-cteck capability provides the ability to deter- 
mine if the cevice is functional. Self-check is performed 
using the ciruit shown in Figure 5. Port C pins PCO-PC3 


are monitord for the self-check results. After reset, the. 


following seen tests are performed automatically: 
0 — E:ercise of ports A, B, and C 
RAM —Counter test for each RAM byte 
ROM —Exclusive OR with odd ones parity result 
Timer — Tracks counter register and checks OCF flag 
Interruits — Tests external, timer, SCI and SPI in- 
terrupts 


+9V 


4.7k 


PA4 
PA3 
PA2 
PAI 





Es 


20 


NOE: The RC Oscillator Option may also be used in this circuit. 


—— |1 
+5V 
39 



















TCMP 
PD5/SS 
PD4/SCK 
PD3/MOSI 
PD2/MISO 
PD1/TDO 


SCI — Transmission test; checks RDRF, TDRE, TC, 
and FE flags 
SPI — Transmission test; checks SPIF, WCOL, and 
MODF flags 
Self-check results (using the LEDs as monitors) are 
shown in Table 2. The following subroutines are available 
to the user and do not require any external hardware. 


TIMER TEST SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The timer 
test subroutine is called at location $1FOE. The output 
compare register is first set to the current timer state. 
Because the timer is free running and has only a divide- 
by-four prescaler, each timer count cannot be tested. The 
test reads the timer once every 10 counts (40 cycles) and 
checks for correct counting. The test tracks the counter 
until the timer wraps around, triggering the output com- 
pare flag in the timer status register. RAM locations $0050 
and $0051 are overwritten. Upon return to the user’s pro- 
gram, X=40. If the test passed, A=0. 
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Figure 5. Self-Check Circuit Schematic Diagram 
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Table 2. Self-Check Results 






Remarks 





este 
Ea 
natal 
ZN 

1 1 1 


Flashing 
All Others Bad Device, Bad Port C, etc. 


0 indicates LED is on; 1 indicates LED is off. 





ROM CHECKSUM SUBROUTINE 


This subroutine returns with the Z bit cleared if any 
error is detected; otherwise, the Z bit is set. The ROM 
checksum subroutine is called at location $1F93 with RAM 
location $0053 equal to $01 and A=0. A short routine is 
set up and executed in RAM to compute a checksum of 
the entire ROM pattern. RAM locations $0050 through 
$0053 are overwritten. Upon return to the user’s program, 
X=0. If the test passed, A=0. 


RESETS 


The MCU can be reset two ways: by initial power-up 
and by the external reset input (RESET). The RESET input 
consists mainly of a Schmitt trigger that senses the RE- 
SET line logic level. 








POWER-ON RESET (POR) 


An internal reset is generated on power-up to allow 
the internal clock generator to stabilize. The power-on 
reset is strictly for power turn-on conditions and should 
not be used to detect a drop in the power supply voltage. 
There is a 4064 internal processor clock cycle (teyc) delay 
after the oscillator becomes active. If the RESET pin is 
low at the end of 4046 toyc, the MCU will remain in the 
reset condition until RESET goes high. 


Increasing Memory 


er 
Ut haa ae 


PCL 


Unstack 





R 
E 
T 
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N 


EXTERNAL RESET INPUT 


The MCU is reset when a logic zero is applied to the 
RESET input for a period of one and one-half machine 
cycles (teyc). 


INTERRUPTS 


The MCU can be interrupted five different ways: the 
four maskable hardware interrupts (IRQ, SPI, SCI, and 
timer) and the nonmaskable software interrupt instruc- 
tion (SWI). 

Interrupts cause the processor to save register contents 
on the stack and to set the interrupt mask (I bit) to prevent 
additional interrupts. The RTI instruction causes the reg- 
ister contents to be recovered from the stack and normal 
processing to resume. The stacking order is shown in 
Figure 6. 

Unlike RESET, hardware interrupts do not cause the 
current instruction execution to be halted but are con- 
sidered pending until the current instruction is complete. 





NOTE 


The current instruction is the one already fetched 
and being operated on. 


When the current instruction is complete, the processor 
checks all pending hardware interrupts. If unmasked (I 
bit clear) and if the corresponding interrupt enable bit is 
set, the processor proceeds with interrupt processing; 
otherwise, the next instruction is fetched and executed. 

If both an external interrupt and a timer interrupt are 
pending at the end of an instruction execution, the ex- 
ternal interrupt is serviced first. The SWI is executed the 
same as any other instruction, regardless of the I-bit state. 
Refer to Figure 7 for the reset and interrupt instruction 
processing sequence. 


TIMER INTERRUPT 


There are three different timer interrupt flags that cause 
a timer interrupt whenever they are set and enabled. The 
interrupt flags are in the timer status register (TSR), and 
the enable bits are in the timer control register (TCR). 
Refer to TIMER for more information. 


0 Stack 


1 Condition Code Register 


Decreasing Memory 
Addresses 


4Havucwwvma2Z2— 


NOTE: Since the Stack Pointer decrements during pushes, the PCL is 
stacked first, followed by PCH, etc. Pulling from the stack is 


in the reverse order. 


Figure 6. Interrupt Stacking Order 
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Figure 7. Reset and Interrupt Processing Flowchart 
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EXTERNAL INTERRUPT 


If the interrupt mask bit (I bit) of the CCR is set, all 
interrupts are disabled. Clearing the | bit enables the ex- 
ternal interrupt. The external interrupt is internally syn- 
chronized and then latched on the falling edge of IRQ. 
The action of the external interrupt is identical to the timer 
interrupt with the exception that the interrupt request 
input at IRQ is latched internally and the service routine 
address is specified by the contents of $1FFA and $1FFB. 

Either a level-sensitive and edge-sensitive trigger, or 
an edge-sensitive-only trigger are available as a mask 
option. Figure 8 shows both a functional! internal diagram 
and a mode timing diagram for the interrupt line. The 
timing diagram shows two treatments of the interrupt 
line to the processor. The first method shows a single 
pulse on the interrupt line spaced far enough apart to be 
serviced. The minimum time between pulses is a function 
of the length of the interrupt service. Once a pulse occurs, 
the next pulse should not occur until an RTI occurs. This 


Level-Sensitive Trigger 





Mask Option 


Interrupt Pin 


time (tj, |L) is obtained by adding 21 instruction cycles to 
the total number of cycles it takes to complete the service 
routine (not including the RTI instruction). The second 
method shows many interrupt lines ‘““wire-ORed” to form 
the interrupts at the processor. If the interrupt line re- 
mains low after servicing an interrupt, then the next in- 
terrupt is recognized. 


NOTE 


The internal interrupt latch is cleared in the first part 
of the interrupt service routine; therefore, one ex- 
ternal interrupt pulse could be latched and serviced 
as soon as the | bit is cleared. 


SOFTWARE INTERRUPT (SWI) 


The SWI is an executable instruction that is executed 
regardless of the state of the | bit in the CCR. If the | bit 
is zero, SWI executes after the other interrupts. The SWI 





External 
Interrupt 
Request 


| Bit (CC) 





Power-On Reset 


External Reset 


External Interrupt 
Being Serviced (Vector Fetch) 


(a) Interrupt Internal Function Diagram 


mo —>| fe tu 


Edge-Sensitive Trigger Condition 
The minimum pulse width (ty, j}) is either 
125 ns (Vpp=5 V) or 250 ns (Vpp =3 V). 
The period ti, 4, should not be less than 
the number of teyc cycles it takes to ex- 
ecute the interrupt service routine plus 21 


tcyc cycles. 
Level-Sensitive Trigger Condition 
If after servicing an interrupt the IRQ re- 
mains low, then the next interrupt is 
recognized. 
Normally 

Used with 

Wire-ORed 

Connection 


(b) Interrupt Mode Diagram 


Figure 8. External Interrupt 
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operation is similar to the hardware interrupts. The in- 
terrupt service routine address is specified by the con- 
tents of memory locations $1FFC and $1FFD. 


SCl INTERRUPTS 


An interrupt in the SCI occurs whan one of the interrupt 
flag bits in the serial communications status register is 
set, provided the | bit in the CCR is clear and the enable 
bit in the serial communications control register 2 is set. 
Software in the serial interrupt service routine must de- 
termine the cause and priority of the SCI interrupt by 
examining the interrupt flags and status bits in the SCI 
status register. 


SPI INTERRUPTS 


An interrupt in the SPI occurs when one of the interrupt 
flag bits in the serial peripheral status register is set, 
provided the | bit in the CCR is clear and the enable bit 
in the serial peripheral control register is set. Software 
in the serial peripheral interrupt service routine must de- 
termine the cause and priority of the SPI interrupt by 
examining the interrupt flag bits in the SPI status register. 


LOW-POWER MODES 


STOP 


The STOP instruction places the MCU in its lowest power 
consumption mode. In the STOP mode, the internal os- 
cillator is turned off, halting all internal processing in- 
cluding timer, SCI, and SPI operation (refer to Figure 9). 

During the STOP mode, the TCR bits are altered to 
remove any pending timer interrupt request and to dis- 
able any further timer interrupts. The timer prescaler is 
cleared. The | bit in the CCR is cleared to enable external 
interrupts. All other registers and memory remain unal- 
tered. All input/output lines remain unchanged. The pro- 
cessor can be brought out of the STOP mode only by an 
external interrupt or reset. 


SCI during STOP Mode 


When the MCU enters the STOP mode, the baud rate 
generator stops, halting all SCI activity. If the STOP in- 
struction is executed during a transmitter transfer, that 
transfer is halted. If a low input to the IRQ pin is used to 
exit STOP mode, the transfer resumes. If the SCI receiver 
is receiving data and the STOP mode is entered, received 
data sampling stops because the baud rate generator 
stops, and all subsequent data is lost. For these reasons, 
all SCI transfers should be in the idle state when the STOP 
instruction is executed. 


SPI during Stop Mode 


When the MCU enters the STOP mode, the baud rate 
generator stops, terminating all master mode SPI oper- 
ations. If the STOP instruction is executed during an SPI 
transfer, that transfer halts until the MCU exits the STOP 
mode by a low signal on the IRQ pin. If reset is used to 
exit the STOP mode, then the SPI control and status bits 
are cleared, and the SPI is disabled. If the MCU is in the 


slave mode when the STOP instruction is executed, the 


slave SPI continues to operate and can still accept data 
and clock information in addition to transmitting its own 
data back to a master device. 

At the end of a possible transmission with a slave SPI 
in the STOP mode, no flags are set until a low on the IRQ 
pin wakes up the MCU. Caution should be observed when 
operating the SPI as a slave during the STOP mode be- 
cause the protective circuitry (WCOL, MODF, etc.) is in- 
active. 


WAIT 


The WAIT instruction places the MCU in a low-power 
consumption mode, but the WAIT mode consumes more 
power than the STOP mode. All CPU action is suspended, 
but the timer, SCI, and SPI remain active (refer to Figure 
10). An interrupt from the timer, SCI, or SPI can cause 
the MCU to exit the WAIT mode. 

During the WAIT mode, the | bit in the CCR is cleared 
to enable interrupts. All other registers, memory, and 
input/output lines remain in their previous state. The timer 
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Figure 9. STOP Function Flowchart 


MOTOROLA MICROPROCESSOR DATA 
3-908 





MC68HC05C8 


may be enabled to allow a periodic exit from the WAIT 
mode. 


DATA RETENTION MODE 


The contents of RAM and CPU registers are retained 
at supply voltages as low as 2.0 Vdc. This is called the 
data retention mode where the data is held, but the device 
is not guaranteed to operate. The MCU should be in RESET 
during data retention mode. 





TIMER 


The timer consists of a 16-bit, software-programmable 
counter driven by a fixed divide-by-four prescaler. This 
timer can be used for many purposes, including input 
waveform measurements while simultaneously gener- 
ating an output waveform. Pulse widths can vary from 


Wait 


Oscillator Active 
Timer, SCI, And SPI 
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Processor Clocks Stopped 








Restart 
Processor Clock 


(1) Fetch Reset Vector or 
(2) Service Interrupt 

a. Stack 

b Set! Bit 

c. Vector to Interrupt 
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External 
Interrupt 


(TRO) 


Timer 
Interrupt 
No 


several microseconds to many seconds. Referto Figure 
11 for a timer block diagram. a 

Because the timer has a 16-bit architecture,each spe- 
cific functional segment (capability) is represerted by two 
registers. These registers contain the high ard low byte 
of that functional segment. Generally, accessng the low 
byte of a specific timer function allows full control of that 
function; however, an access of the high byte inhibits 
that specific timer function until the low byt is also ac- 
cessed. 


NOTE 


The | bit in the CCR should be set while manipu- 
lating both the high and low byte registerof a spe- 
cific timer function to ensure that an interrupt does 
not occur. 
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Figure 10. WAIT Function Flowchart 
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Figure 11. Timer Block Diagram 


COUNTER 


The key lement in the programmable timer is a 16- 
bit, free-runming counter or counter register, preceded by 
a prescaler hat divides the internal processor clock by 
four. The pescaler gives the timer a resolution of 2.0 
microsecong if the internal bus clock is 2.0 MHz. The 
counter is inremented during the low portion of the in- 
ternal bus chck. Software can read the counter at any 
time withoutiffecting its value. 

The double»yte, free-running counter can be read from 
either of twolocations, $18-$19 (counter register) or 
$1A-$1B (couter alternate register). A read from only 
the least signifcant byte (LSB) of the free-running counter 
($19, $1B) receves the count value at the time of the read. 
If a read of thefree-running counter or counter alternate 
register first adresses the most significant byte (MSB) 
($18, $1A), theLSB ($19, $1B) is transferred to a buffer. 


This buffer value remains fixed after the first MSB read, 
even if the user reads the MSB several times. This buffer 
is accessed when reading the free-running counter or 
counter alternate register LSB ($19 or $1B) and, thus, 
completes a read sequence of the total counter value. In 
reading either the free-running counter or counter alter- 
nate register, if the MSB is read, the LSB must also be 
read to complete the sequence. 

The counter alternate register differs from the counter 
register in one respect: a read of the counter register MSB 
can clear the timer overflow flag (TOF). Therefore, the 
counter alternate register can be read at any time without 
the possibility of missing timer overflow interrupts due 
to clearing of the TOF. 

The free-running counter is configured to $FFFC during 
reset and is always a read-only register. During a power- 


on reset, the counter is also preset to $FFFC and begins 
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running. after the oscillator start-up delay. Because the 
free-running counter is 16 bits preceded by a fixed divide- 
by-four prescaler, the value in the free-running counter 
repeats every 262,144 internal bus clock cycles. When the 
counter rolls over from $FFFF to $0000, the TOF bit is set. 
An interrupt can also be enabled when counter rollover 
occurs by setting its interrupt enable bit (TOIE). 


OUTPUT COMPARE REGISTER 


The 16-bit output compare register is made up of two 
8-bit registers at locations $16 (MSB) and $17 (LSB). The 
output compare register is used for several purposes, 
such as indicating when a period of time has elapsed. All 
bits are readable and writable and are not altered by the 
timer hardware or reset. If the compare function is not 
needed, the two bytes of the output compare register can 
be used as storage locations. 

The output compare register contents are compared 
with the contents of the free-running counter continually, 
and if a match is found, the corresponding output com- 
pare flag (OCF) bit is set and the corresponding output 
level (OLCL) bit is clocked to an output level register. The 
output compare register values and the output level bit 
should be changed after each successful comparison to 
establish a new elapsed timeout. An interrupt can also 
accompany a successful output compare provided the 
corresponding interrupt enable bit (OCIE) is set. 

After a processor write cycle to the output compare 
register containing the MSB ($16), the output compare 
function is inhibited until the LSB ($17) is also written. 
The user must write both bytes (locations) if the MSB is 
written first. A write made only to the LSB ($17) will not 
inhibit the compare function. The free-running counter Is 
updated every four internal bus clock cycles. The mini- 
mum time required to update the output compare reg- 
ister is a function of the program rather than the internal 
hardware. 

The processor can write to either byte of the output 
compare register without affecting the other byte. The 
output level (OLVL) bit is clocked to the output level reg- 
ister regardless of whether the output compare flag (OCF) 
is set or clear. 


INPUT CAPTURE REGISTER 


Two 8-bit registers, which make up the 16-bit input 
Capture register, are read-only and are used to latch the 
value of the free-running counter after the corresponding 
input capture edge detector senses a defined transition. 
The level transition which triggers the counter transfer is 
defined by the corresponding input edge bit (IEDG). Reset 
does not affect the contents of the input capture register. 

The result obtained by an input capture will be one 
more than the value of the free-running counter on the 
rising edge of the internal bus clock preceding the ex- 
ternal transition. This delay is required for internal syn- 
chronization. Resolution is one count of the free-running 
counter, which is four internal bus clock cycles. 

The free-running counter contents are transferred to 
the input capture register on each proper signal transition 
regardless of whether the input capture flag (ICF) is set 
or clear. The input capture register always contains the 


free-running counter value that corresponds to the most 
recent input capture. 

After a read of the input capture register ($14) MSB, 
the counter transfer is inhibited until the LSB ($15) is also 
read. This characteristic causes the time used in the input 
capture software routine and its interaction with the main 
program to determine the minimum pulse period. 

A read of the input capture register LSB ($15) does not 
inhibit the free-running counter transfer since they occur 
on opposite edges of the internal bus clock. 


TIMER CONTROL REGISTER (TCR) $12 


The TCR is a read/write register containing five control 
bits. Three bits control interrupts associated with the timer 
status register flags ICF, OCF, and TOF. 


7 6 5 4 3 2 1 0 
ice | oc | roe | o | o | o | eos | ow | 


RESET: 
0 0 0 0 0 0 U 0 


ICIE — Input Capture Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
OCIE — Output Compare Interrupt Enable 
1=Interrupt enabled 
O=Interrupt disabled 
TOIE — Timer Overflow Interrupt Enable 
1=Interrupt enabled 
0=Interrupt disabled 
IEDG — Input Edge | 
Value of input edge determines which level transition 
on TCAP pin will trigger free-running counter transfer 
to the input capture register 
1=Positive edge . 
0= Negative edge 
Reset does not affect te IEDG bit (U = unaffected). 
OLVL — Output Level 
Value of output level is clocked into output level reg- 
ister by the next successful output compare and will 
appear on the TCMP pin 
~ 1=High output 
0=Low output 
Bits 2, 3, and 4 — Not used 
Always read zero 


TIMER STATUS REGISTER (TSR) $13 


The TSR is a read-only register containing three status 
flag bits. 


7 6 5 4 3 2 1 0 
[tor | ocr | ror] o | o | o | o | o | 
aii “0 U | 0 0 0 0 0 


ICF — Input Capture Flag 
1=Flag set when selected polarity edge is sensed by 
input capture edge detector 
0 =Flag cleared when TSR and input capture low reg- 
ister ($15) are accessed 
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OCF — Output Compare Flag 
1=Flag set when output compare register contents 
match the free-running counter contents 
0=Flag cleared when TSR and output compare low 
| register ($17) are accessed 
TOF — Timer Overflow Flag 
1=Flag set when free-running counter transition from 
$FFFF to $0000 occurs . 
0=Flag cleared when TSR and counter low register 
($19) are accessed 
Bits 0-4 — Not used 
Always read zero 


Accessing the timer status register satisfies the first 
condition required to clear status bits. The remaining step 
is to access the register corresponding to the status bit. 

A problem can occur when using the timer overflow 
function and reading the free-running counter at random 
times to measure an elapsed time. Without incorporating 
the proper precautions into software, the timer overflow 
flag could unintentionally be cleared if: 

1) The timer status register is read or written when 
- TOF is set, and 

2) The LSB of the free-running counter is read but not 

for the purpose of servicing the flag. 

The counter alternate register at address $1A and $1B 


contains the same value as the free-running counter (at 


address $18 and $19); therefore, this alternate register 
can be read at any time without affecting the timer ov- 
erflow flag in the timer status register. 


TIMER DURING WAIT MODE 


The CPU clock halts during the WAIT mode, but the 
timer remains active. An interrupt from the timer causes 
the processor to exit the WAIT mode. 


TIMER DURING STOP MODE 


In the STOP mode, the timer stops counting and holds 
the last count value if STOP is exited by an interrupt. If 
RESET is used, the counter is forced to $FFFC. During 
STOP, if at least one valid input capture edge occurs at 
the TCAP pin, the input capture detect circuit is armed. 
This does not set any timer flags nor wake up the MCU, 
but when the MCU does wake up, there is an active input 
capture flag and data from the first valid edge that oc- 
curred during the STOP mode. If RESET is used to exit 
STOP mode, then no input capture flag or data remains, 
even if a valid input capture edge occurred. 


Idle Line 


ana Ow —Y 


* Stop bit is always high. 


SERIAL COMMUNICATIONS INTERFACE 


A full-duplex asynchronous SCI is provided with a 
standard NRZ format and a variety of baud rates. The SCI 
transmitter and receiver are functionally independent but 
use the same data format and baud rate. The terms baud 
and bit rate are used synonymously in the following de- 
scription. 


SCI TWO-WIRE SYSTEM FEATURES 


@ Standard NRZ (mark/space) format 

e Advanced error detection method includes noise de- 
tection for noise duration of up to one-sixteenth bit 
time | . 

@ Full-duplex operation (simultaneous transmit and re- 
ceive) 

@ Software programmable for one of 32 different baud 
rates 

@ Software-selectable word length (eight- or nine-bit 
words) 

@ Separate transmitter and receiver enable bits 

@ SCI may be interrupt driven 

Four separate interrupt conditions 


SCI RECEIVER FEATURES 


Receiver wake-up function (idle or address bit) 
Idle line detect 

Framing error detect 

Noise detect 

Overrun detect 

Receiver data register full flag 


SCi TRANSMITTER FEATURES 


@ Transmit data register empty flag 
@ Transmit complete flag 
e@ Break send 


Any SCI two-wire system requires receive data in (RDI) 
and transmit data out (TDO). 


DATA FORMAT 


Receive data in (RDI) or transmit data out (TDO) is the 
serial data presented between the internal data bus and 
the output pin (TDO) and between the input pin (RDI) and 
the internal data bus. Data format is as shown for the 
NRZ in Figure 12. 


Control bit ‘’’M’’ 
Selects 8 or 9 bit data 
(ET 
4 5 6 7 8 0 


DOW DN 
an DOD A SY 


Figure 12. Data Format 
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WAKE-UP FEATURE 


In a typical multiprocessor configuration, the software 
protocol wiil usually identify the addressee(s) at the be- 
ginning of the message. To permit uninterested MPUs to 
ignore the remainder of the message, a wake-up feature 
is included, whereby all further SCI receiver flag (and 
interrupt) processing can be inhibited until its data line 
returns to the idle state. An SCI receiver is re-enabled by 
an idle string of at least ten (or eleven) consecutive ones. 
Software for the transmitter must provide for the required 
idle string between consecutive messages and prevent 
it from occurring within messages. 

A second wake-up method is available in which sleep- 
ing SCI receivers can be awakened by a logic one in the 
high-order bit of a received character. 


RECEIVE DATA IN 


Receive data in (RDI) is the serial data which is pre- 
sented from the input pin via the SCI to the receive data 
register (RDR). While waiting for a start bit, the receiver 
samples the input at a rate 16 times higher than the set 
baud rate. This increased rate is referred to as the RT 
rate. When the input (idle) line is detected low, it is tested 
for three more sample times. If at least two of these three 
samples detect a logic low, a valid start bit is assumed 
to be detected. If in two or more samples, a logic high is 
detected, the line is assumed to be idle. The receive clock 
generator is controlled by the baud rate register (see Fig- 
ure 13); however, the SCI is synchronized by the start bit 
independent of the transmitter. Once a valid start bit is 
detected, the start bit, each data bit, and the stop bit are 
each sampied three times. The value of the bit is deter- 
mined by voting logic, which takes the value of a majority 
of samples. A noise flag is set when all three samples on 
a valid start bit, data bit, or stop bit do not agree. A noise 
flag is also set when the start verification samples do not 
agree. 


START BIT DETECTION FOLLOWING A FRAMING ERROR 


If there has been a framing error (FE) without detection 
of a break (10 zeros for 8-bit format or 11 zeros for a 9- 
bit format), the circuit continues to operate as if there 
actually were a stop bit, and the start edge will be placed 
artificially. The last bit received in the data shift register 
is inverted to a logic one, and the three logic-one start 
qualifiers are forced into the sample shift register during 
the interval when detection of a start bit is anticipated; 


therefore, the start bit will be accepted no sooner than it 


is anticipated. 

If the receiver detects that a break (RDRF=1, FE=1, 
receiver data register = $00) produced the framing error, 
the start bit will not be artificially induced, and the re- 
ceiver must actually receive a logic one before start. 


TRANSMIT DATA OUT 


Transmit data out (TDO) is the serial data presented 
from the transmit data register (TDR) via the SCI to the 
output pin. The transmitter generates a bit time by using 
a derivative of the RT clock, producing a transmission 
rate equal to one-sixteenth that of the receiver sample 
clock. 


FUNCTIONAL DESCRIPTION 


A block diagram of the SCI is shown in Figure 13. The 
user has option bits in the serial communications control 
register 1 (SCCR1) to determine the SCI wake-up method 
and data word length. Serial communications control 
register 2 (SCCR2) provides control bits that individually 
enable/disable the transmitter or receiver, enable system 
interrupts, and provide wake-up enable, and send break 
code bits. The baud rate register bits allow the user to 
select different baud rates, which are used as the rate 
control for the transmitter and receiver. 

Data transmission is initiated by a write io the serial 
communications data register (SCDAT). Provided the 
transmitter is enabled, data stored in the SCDAT is trans- 
ferred to the transmit data shift register. This data transfer 
sets the SCI status register (SCSR) transmit data register 
empty (TDRE) bit and generates an interrupt if the trans- 
mit interrupt is enabled. Data transfer to the transmit data 
shift register is synchronized with the bit rate clock. All 
data is transmitted LSB first. Upon completion of data 
transmission, the transmission complete (TC) bit is set 
(provided no pending data, preamble, or break code is 
sent), and an interrupt is generated if the transmit com- 
plete interrupt is enabled. If the transmitter is disabled, 
and the data, preamble, or break code has been sent, the 
TC bit will also be set, which will also generate an inter- 
rupt if the TCIE bit is set. If the transmitter is disabled in 
the middle of a transmission, that character will be com- 
pleted before the transmitter gives up control of the TDO 
pin. 

When the SCDAT is read, it contains the last data byte 
received, provided that the receiver is enabled. The SCSR 
receive data register full (RDRF) bit is set to indicate that 
a data byte is transferred from the input serial shift reg- 
ister to the SCDAT, which can cause an interrupt if the 
receiver interrupt is enabled. Data transfer from the input 
serial shift register to the SCDAT is synchronized by the 
receiver bit rate clock. The SCSR overrun (OR), noise flag 
(NF), or FE bits are set if data reception errors occur. 

An idle line interrupt is generated if the idle line inter- 
rupt is enabled and the SCSR IDLE bit (which detects idle 
line transmission) is set. This allows a receiver that is not 
in the wake-up mode to detect the end of a message, the 
preamble of a new message, or to resynchronize with 
the transmitter. A valid character must be received before 
the idle line condition for the IDLE bit to be set and for 
an idle line interrupt to be generated. 


REGISTERS 


There are five registers used in the SCI; the internal 
configuration of these registers is discussed in the fol- 
lowing paragraphs. 


Serial Communications Data Register (SCDAT) $11 


_ The SCDAT is a read/write register used to receive and 
transmit SCI data. 


7 6 5 4 3 2 1 0 


RESET: 
U U U U U U U U 
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As shown in Figure 13, SCDAT functions as two sep- transmit shift register. The receive data register (RDR) 
arate registers. The transmit data register (TDR) provides provides the interface from the receive shift register to 


the parallel interface from the internal data bus to the the internal data bus. 


SCI Interrupt . . Internal Bus 






SCDAT Transmit (See | Receive Data] SCDAT 
$11 |Data Register} Note) Register $11 
ransmit Dataf _ ~_ |Receive Data 
Shift Register Shift Register 


PD1/TDO | PDO/RDI 


Transmit Flag 
Control Control 


ee 


Internal 


Rate Generator Processor 


Clock 


Pt. 4 Baud 
p= | SCP1]| SCPO hae SCR2 | SCR1 | SCRO Rate 
Register 


NOTE: The Serial Communications Data Register (SCDAT) is controlled by the internal R/W signal. It is the transmit data register when 
written and receive data register when read. 


Figure 13. SCI Block Diagram 
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Serial Communications Control Register 1 (SCCR1) $OE 


The SCCR1 provides control bits that determine word 
length and select the wake-up method. 


7 6 5 4 3 2 1 0 
| ms | m | — | m [ware] - | — | - | 
RESET: 

U U = U U = 2 _ 


R8 — Receive Data Bit 8 
R8 bit provides storage location for the ninth bit in the 
receive data byte {if M~ 1). 
T8 — Transmit Data Bit 8 
T8 bit provides storage location for the ninth bit in the 
transmit data byte (if M=1). 
M — SCI Character Word Length 
1=one start bit, nine data bits, one stop bit 
0=one start bit, eight data bits, one stop bit 
WAKE — Wake-Up Select 
Wake bit selects the receiver wake-up method. 
1= Address bit (most significant bit) 
0=Idle line condition 
Bits 0-2, and 5 — Not used 
Can read either one or zero 


The address bit is dependent on both the wake-bit and 
the M-bit level. Additionally, the receiver does not use 
the wake-up feature unless the RWU control bit in SCCR2 
is set. 


| Wake | M | ___Receiver Wake-Up | 


Xx Detection of an idle line allows the next data 
byte received to cause the receive data reg- 
ister to fill and produce an RDRF flag. 

i 


Serial Communications Control Register 2 (SCCR2) $OF 


The SCCR2 provides control of individual SCI functions 
such as interrupts, transmit/receive enabling, receiver 
wake-up, and break code. 

















Detection of a received one in the eighth 
data bit allows an RDRF flag and associated 
error flags. 






Detection of a received one in the ninth data 
bit allows an RDRF flag and associated error 
flags. 





7 6 5 4 3 2 1 0 
roe | we [we | we | me | amu | sox 
RESET: 

0 0 0 0 0 0 0 0 


TIE — Transmit Interrupt Enable 
1=SCl interrupt enabled 
O=TDRE interrupt disabled | 
TCIE — Transmit Complete Interrupt Enable 
1=SCl interrupt enabled 
0=TC interrupt disabled 
RIE — Receive Interrupt Enable 
1=SCl interrupt enabled 
0=RDRF and OR interrupts disabled 


ILIE — Idle Line Interrut Enable 
1=SCl interrupt enabled 
0=Idle interrupt disabled 
TE — Transmit Enable 
1=Transmit shift register output is applied to the TDO 
line. Depending upon the SCCR1 M bit, a pream- 
ble of 10 (M=0) or 11 (M=1) consecutive ones is 
transmitted. 
0=Transmitter disabled after last byte is loaded in 
the SCDAT and TDRE is set. After last byte is 
transmitted, TDO line becomes a high-impedance 
line. 
RE — Receive Enable 
1=Receiver shift register input is applied to the RDI 
line. 
0=Receiver disabled and RDRF, IDLE, OR, NF, and 
FE status bits are inhibited. 
RWU — Receiver Wake-Up 
1 = Places receiver in sleep mode and enables wake- 
up function 
0=Wake-up function disabled after receiving data 
word with MSB set (if WAKE = 1) 
Wake-up function also disabled after receiving 10 
(M=0) or 11 (M=1) consecutive ones (if WAKE = 0) 
SBK — Send Break 
1= Transmitter continually sends blocks of zeros (sets 
of 10 or 11) until cleared. Upon completion of 
break code, transmitter sends one high bit for rec- 
ognition of valid start bit. 
0=Transmitter sends 10 (M=0O) or 11 (M=1) zeros 
then reverts to an idle state or continues sending 
data. If transmitter is empty and idle, setting and 
clearing the SBK bit may queue up to two char- 
acter times of break because the first break trans- 
fers immediately to the shift register, and the 
second is queued into the parallel transmit buffer. 


Serial Communications Status Register (SCSR) $10 


The SCSR provides inputs to the SCI interrupt logic 
circuits. Noise flag and framing error bits are also con- 
tained in the SCSR. 


7 6 5 4 3 2 1 0 
jrore | 1 | wowr | roe | on | ne | re | — 


RESET: 
1 1 0 0 0 0 0 = 
TDRE — Transmit Data Register (TDR) Empty 
1=TDR contents transferred to the transmit data shift 
register 
0=TDR still contains data. TDRE is cleared by reading 
the SCSR (with TDRE= 1), followed by a write to 
the TDR. 
TC — Transmit Complete 
1=Indicates end of data frame, preamble, or break 
condition has occurred 
0=TC bit cleared by reading the SCSR (with TC =1), 
followed by a write to the TDR 
RDRF — Receive Data Register (RDR) Full 
1 = Receive data shift register contents transferred to 
the RDR 


MOTOROLA MICROPROCESSOR DATA 
3-915 














MC68HC05C8 


0=Receive data shift register transfer did not occur. 
RDRF is cleared by reading the SCSR (with 
RDRF = 1) followed by a read of the RDR 
IDLE — Idle Line Detect 
1=Indicates receiver has detected an idle line 
O=IDLE is cleared by reading the SCSR (with IDLE = 1), 
followed by a read of the RDR. Once IDLE is 
cleared, IDLE cannot be set until SU line becomes 
active and idle again. 
OR — Overrun Error 


1 = Indicates receive data shift register data i issentto - 


a full RDR (RDRF=1). Data causing the overrun 
is lost, and RDR data is not disturbed. 
O=OR is cleared by reading the SCSR (with OR =1), 
followed by a read of the RDR. 
NF — Noise Flag j 
1=Indicates noise is present on the receive bits, in- 
cluding the start and stop bits. NF is not set until 
RDRF = 1. 
O=NF is cleared by reading the SCSR (with NF=1), 
followed by a read of the RDR. 
FE — Framing Error 
1=Indicates stop bit not detected in received data 
character. FE is set the same time RDRF is set. If 
received byte causes both framing and overrun 
errors, processor will only recognize the overrun 
error. Further data transfer into the RDR is inhib- 
ited until FE is cleared. 
O=NF is cleared by reading the SCSR (with FE= 1), 
followed by a read of the RDR. 
Bit 0 — Not used 
Can read either one or zero 


Baud Rate Register $0D 


The baud rate register is used to select the SCI trans- 
mitter and receiver baud rate. SCPO and SCP1 prescaler 
bits are used in conjunction with the SCRO through SCR2 
baud rate bits to provide multiple baud rate combinations 
for a given crystal frequency. Bits 3, 6, and 7 always read 
zero. 


u 2 : : 3 2 1 0 
| = | = | scer | scro | — | sce | scar | scro_ 
RESET: a 


am = 0 0 = U U U 


SCPO — SCI Prescaler Bit 0 


SCP1 — SCI Prescaler Bit 1 . 
Two prescaler bits are used to increase the range of 
standard baud rates controlled by the SCRO-SCR2 
bits. Prescaler internal processor clock division ver- 
sus bit levels are listed in Table 3. 

SCRO — SCI Baud Rate Bit 0 

SCR1 — SCI Baud Rate Bit 1 

SCR2 — SCI Baud Rate Bit 2 
Three baud rate bits are used to select the baud rates 
of the SCI transmitter and SCI receiver. Baud rates 
versus bit levels are listed in Table 4. 


Tables 3 and 4 tabulate the divide chain used to obtain 
the baud rate clock (transmit clock). The actual divider 
chain is controlled by the combined SCPO-SCP1 and SCRO-. 
SCR2 bits in the baud rate register. All divided frequen- 
cies shown in Table 3 represent the final baud rate re- 
sulting from the internal processor clock division shown 
in the divided-by column only (prescaler division only). 
Table 4 lists the prescaler output divided by the action 
of the SCI select bits (SCRO-SCR2). For example, assume 
that a 9600-Hz baud rate is required with a 2.4576-MHz 
external crystal. In this case, the prescaler bits (SCPO- 
SCP1) could be configured as a divide-by-one or a divide- 
by-four. If a divide-by-four prescaler is used, then the 
SCRO-SCR2 bits must be configured as a divide-by-two. 
Using the same crystal, the 9600 baud rate can be ob- 
tained with a prescaler divide-by-one and the SCRO-SCR2 
bits configured for a divide-by-eight. 


SERIAL PERIPHERAL INTERFACE 


The serial peripheral interface (SPI) is an interface built 
into the MCU which allows several MCUs or MCUs plus © 
peripherals to be interconnected within the same black 
box. In the SPI format, the clock is not included in the 


- data stream and must be furnished as a separate signal. 


An SPI system may consist of one master MCU and sev- 
eral slaves (Figure 14) or MCUs that can be either masters 
or slaves. 


Features: 


@ Full-duplex, three-wire synchronous transfers 
e Master or slave operation 


Table 3. Prescaler Highest Baud Rate Frequency Output 


Clock* 
Divided By | aasaoe [a0 
125.000 kHz 
41.666 kHz 
31.250 kHz 
9600 Hz 


131.072 kHz 
43.691 kHz 
32.768 kHz 
10.082 kHz 





*Refers to the internal processor clock. 


Crystal Frequency MHz 
2.4576 


76.80 kHz 
25.60 kHz 
19.20 kHz 
5.907 kHz 


62.50 kHz 

20.833 kHz 

15.625 kHz 
4800 Hz 


57.60 kHz 
19.20 kHz 
14.40 kHz 
4430 Hz 


NOTE: The divided frequencies shown in Table 3 represent baud rates which are the highest transmit baud rate (Tx) that can be 
obtained by a specific crystal frequency and only using the prescaler division. Lower baud rates may be obtained by providing 
a further division using the SCI rate select bits as shown below for some representative prescaler outputs. 
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Table 4. Transmit Baud Rate Output for a Given Prescaler Output 


on 
ro) 
0 
2 
=> 
” 


131.072 kHz 
65.536 kHz 
32.768 kHz 
16.384 kHz 

8.192 kHz 
4.096 kHz 
2.048 kHz 
1.024 kHz 


Lode Aes 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 


32.768 kHz 
16.384 kHz 
8.192 kHz 
4.096 kHz 
2.048 kHz 
1.024 kHz 
512 Hz 
256 Hz 


Divided Representative Highest Prescaler Baud Rate Output 
By 131.072 kHz 32.768 kHz 76.80kHz | 19.20kHz | 9600 Hz 


76.80 kHz 
38.40 kHz 
19.20 kHz 
9600 Hz 
4800 Hz 
2400 Hz 
1200 Hz 

600 Hz 


19.20 kHz 
9600 Hz 
4800 Hz 
2400 Hz 
1200 Hz 
600 Hz 
300 Hz 
150 Hz 





NOTE: Table 4 illustrates how the SC! select bits can be used to provide lower transmitter baud rates by further dividing the prescaler 
output frequency. The five examples are only representative samples. In all cases, the baud rates shown are transmit baud 
rates (transmit clock), and the receive clock is 16 times higher in frequency than the actual baud rate. 








M6805 HCMOS 
Master 


M6805 HCMOS Slave 3 


M6805 HCMOS Slave 2 


M6805 HCMOS Slave 0 











M6805 HCMOS Slave 1 


Figure 14. Master-Slave System Configuration 


1.05 MHz (maximum) master bit frequency 

2.1 MHz (maximum) slave bit frequency 

Four programmable master bit rates 
Programmable clock polarity and phase 
End-of-transmission interrupt flag 

Write collision flag protection 

Master-master mode fault protection capability 


SIGNAL DESCRIPTION 


The four basic signals (MOSI, MISO, SCK, and SS) are 
described in the following paragraphs. Each signal func- 
tion is described for both master and slave mode. 


Master Out, Slave In 


The master out, slave in (MOSI) line is configured as 
an output in a master device and as an input in a slave 
device. The MOSI line is one of two lines that transfer 
serial data in one direction with the most significant bit 
sent first. 


Master In, Slave Out 


The master in, slave out (MISQ) line is configured as 
an input in a master device and as an output in a slave 
device. The MISO is one of two lines that transfer serial 
data in one direction with the most significant bit sent 
first. The MISO line of a slave device is placed in a high- 
impedance state if slave is not selected (SS =1). 


Serial Clock 


The serial clock (SCK) is used to synchronize both data 
in and out of a device via the MOSI and MISO lines. The 
master and slave devices can exchange a byte of infor- 
mation during a sequence of eight clock cycles. Since 
SCK is generated by the master device, this line becomes 
an input on a slave device. 

As shown in Figure 15, four possible timing relation- 
ships may be chosen by using control bits CPOL and 
CPHA in the serial peripheral control register (SPCR). Both 
master and slave devices must operate with the same 
timing. 
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SCK (CPOL =0) | | | | | 
SCK (CPOL = 1) | | | 
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Figure 15. Data Clock Timing Diagram 


Two bits (SPRO and SPR1) in the SPCR of the master 
device select the clock rate. In a slave device, SPRO and 
SPR1 have no effect on SPI operation. 


Slave Select 


The slave select (SS) input line selects a slave device. 
The SS line must be low prior to data transactions and 
must stay low for the duration of the transaction. The SS 
line on the master must be tied high; if the SS line goes 
low, a mode fault error flag (MODF) is set in the serial 
peripheral status register (SPSR). __ 

When CPHA=0, the shift clock is the OR of SS with 
SCK. In this clock phase mode, SS must go high between 
successive characters in an SPI message. When CPHA= 1, 
SS must go high between successive characters in an 
SP] message. When CPHA=1, SS may be left low for 
several SPI characters. In cases where there is only one 
SPI slave MCU, the slave MCU SS line could be tied to 
Vss as long as CPHA= 1 clock modes are used. 


Internal 
Processor 
Clock 


Rate 
Generator 


SCK (PD4) 
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FUNCTIONAL DESCRIPTION 


A block diagram of the SPI is shown in Figure 16. In a 
master configuration, the CPU sends a signal to the mas- 
ter start logic, which originates an SPI clock (SCK) based 
on the internal processor clock. As a master device, data 
is parallel loaded into the 8-bit shift register from the 
internal bus during a write cycle and then serially shifted 
via the MOSI pin to the slave devices. During a read cycle, 
data is applied serially from a slave device via the MISO 
pin to the 8-bit shift register. Data is then parallel trans- 
ferred to the read buffer and made available to the in- 
ternal data bus during a CPU read cycle. 

In a slave configuration, the slave start logic receives 
a logic low at the SS pin and a clock input at the SCK 
pin. This synchronizes the slave with the master. Data 
from the master is received serially at the slave MOSI pin 
and shifted into the 8-bit shift register for a parallel trans- 
fer to the read buffer. During a write cycle, data is parallel 
loaded into the 8-bit shift register from the internal data 
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Internal 
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Figure 16. SPI Block Diagram 
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bus, awaiting the clocks from the master to shift out se- 
rially to the MISO pin and then to the master device. _ 

Figure 17 illustrates the MOSI, MISO, SCK, and SS 
master-slave interconnections. 


REGISTERS 


There are three registers in the SPI that provide control, 
status, and data storage functions. These registers, the 
serial peripheral control register (SPCR), serial peripheral 
status register (SPSR), and serial peripheral data I/O reg- 
ister (SPDR), are described in the following paragraphs. 


Serial Peripheral Control Register $0A 


The SPCR provides control of individual SPI functions 
such as interrupt and system enabling/disabling, master/ 
slave mode select, and clock polarity/phase/rate select. 





7 6 5 4 3 2 1 0 
spic | spe | — | mstR| cpot | cPHA SPRO 
RESET: 
0 0 —-— 0 U U U U 


SPIE — Serial Peripheral Interrupt Enable 
1=SPIl interrupt enabled . 
O=SPI interrupt disabled 
SPE — Serial Peripheral System Enable 
1=SPI system on | 
0=SPI system off 
MSTR — Master Mode Select 
1 = Master mode 
0=Slave mode 
CPOL — Clock Polarity 
Clock polarity bit controls the clock value and is used 
in conjunction with the clock phase (CPHA) bit. 
1=SCK line idles high 
0=SCK line idles in low state 
CPHA — Clock Phase 
Clock phase bit along with CPOL controls the clock- 
data relationship between the master and slave de- 
vices. CPOL selects one of two clocking protocols. 
1=SS$ is an output enable control. —__ 
0 = Shift clock is the OR of SCK with SS. 
When SS is low, first edge of SCK invokes first 
data sample. 


Master 


7 8-Bit Shift Register 
SPI 
Clock Generator 
! 
t 






SPRO, SPR1 — SPI Clock Rate Bits 
Two clock rate bits are used to select one of four clock 
rates to be used as SCK in the master mode. In the 
slave mode, the two clock rate bits have no effect. Clock 
rate selection is shown in the following table. 

Bit 5 — Not used 
Can read either one or zero 


SPI Clock Rate Selection 


Internal Processor 
Clock Divided By 
3 








0 

1 4 
0 16 
1 32 





Serial Peripheral Status Register $0B 
The SPSR contains three status bits. 


7 6 5 4 3 2 1 0 
| see {weot| — | moor] — | — | — | — | 
RESET: 

0 0 _ 0 — — = = 





SPIF — Serial Peripheral Data Transfer Flag 
1=Indicates data transfer completed between pro- 
cessor and external device. 
(lf SPIF=1 and SPIE=1, SPI interrupt is ena- 
bled.) 
0=Clearing is accomplished by reading SPSR (with 
SPIF = 1) followed by SPDR access. 
WCOL — Write Collision 
1=Indicates an attempt is made to write to SPDR 
while data transfer is in process. 
0=Clearing is accomplished by reading SPSR (with 
WCOL=1), followed by SPDR access. 
MODF — Mode Fault Flag 
1=Indicates multi-master system control conflict. 
0=Clearing is accomplished by reading SPSR (with 
MODF = 1), followed by a write to the SPCR. 
Bits 0-3, and 5 — Not used 
Can read either zero or one 


Slave 


| 8-Bit Shift Register Z 






Figure 17. SPI Master-Slave Interconnections 
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Serial Peripheral Data I/O Register $0C 


The SPDR is a read/write register used to receive and 
transmit SPI data. 


7 6 5 4 3 ; 1 0 
[sear | sro [ sos | seoe | sros[ eoe [sear | sooo 


RESET: , 34 
U U U U U U U U 


A write to the SPDR places data directly into the shift 
register for transmission. Only a write to this register will 
initiate transmission/reception of another byte and will 
only occur in the master device. On completion of byte 
transmission, the SPIF status bit is set in both master and 
slave devices. 

A read to the SPDR causes the buffer to be read. The 
first SPIF status bit must be cleared by the time a second 
data transfer from the shift register to the read buffer 
begins, or an overrun condition will exist. In overrun cases, 
the byte causing the overrun is lost. 


INSTRUCTION SET 


The MCU has a set of 62 basic instructions. They can 
be divided into five different types: register/memory, read- 
modify-write, branch, bit manipulation, and control. The 
following paragraphs briefly explain each type. 

This MCU uses all the instructions available in the 
M146805 CMOS Family plus one more: the unsigned 
multiply (MUL) instruction. This instruction allows un- 
signed multiplication of the contents of the accumulator 
(A) and the index register (X). The high-order product is 
then stored in the index register, and the low-order prod- 
uct is stored in the accumulator. A detailed definition of 
the MUL instruction is shown below. 


X:A X*A | 


Description | Multiplies the eight bits in the index register 
by the eight bits in the accumulator to obtain 
a 16-bit unsigned number in the concatenated 
accumulator and index register 


Condition H: Cleared 
|: Not affected 
N: Not affected 
Z: Not affected 
C: Cleared 


Addressing 
Mode 
Inherent 


REGISTER/MEMORY INSTRUCTIONS 


Most of these instructions use two operands. One op- 
erand is either the accumulator or the index register. The 
other operand is obtained from memory using one of the 
addressing modes. The jump unconditional (JMP) and 
jump to subroutine (JSR) instructions have no register 
operand. Refer to the following instruction list. 



















[Fanetion ‘(Mn 


READ-MODIFY-WRITE INSTRUCTIONS 


These instructions read a memory location or a reg- 
ister, modify or test its contents, and write the modified 
value back to memory or to the register. The test for 
negative or zero (TST) instruction is an exception to the 
read-modify-write sequence since it does not modify the 
value. Refer to the following list of instructions. 


| Function | Mnemonic 
| 
[Rotate Right Thru Cary | ROR 


















Test for Negative or Zero 
Multiply 


BRANCH INSTRUCTIONS 


This set of instructions branches if a particular condi- 
tion is met; otherwise, no operation Is performed. Branch 
instructions are two-byte instructions. Refer to the fol- 
lowing list for branch instructions. — 









Branch Always 
[eranchNeverSSS~S~rCSC 


— Continued — 
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Branch if Higher 

Branch if Lower or Same 
Branch if Carry Clear 
Branch if Higher or Same 
Branch if Carry Set 
Branch if Lower 


.Branch if Not Equal 


Branch if Equal 

Branch if Half Carry Clear 

Branch if Half Carry Set 

Branch if Plus 

Branch if Minus 

Branch if Interrupt Mask Bit is Clear 
Branch if Interrupt Mask Bit is Set 
Branch if Interrupt Line is Low BIL 
Branch if Interrupt Line is High BIH 





Branch to Subroutine BSR 


w 
; 
O 


BIT MANIPULATION INSTRUCTIONS 


The MCU is capable of setting or clearing any writable 
bit which resides in the first 256 bytes of the memory 
space where all port registers, port DDRs, timer, timer 
control, ROM, and on-chip RAM reside. An additional 
feature allows the software to test and branch on the state 
of any bit within these 256 locations. The bit set, bit clear 
and bit test, and branch functions are all implemented 
with a single instruction. For test and branch instructions, 
the value of the bit tested is also placed in the carry bit 
of the condition code register. Refer to the following list 
for bit manipulation instructions. 


Function | Mnemonic | 


CONTROL INSTRUCTIONS 


These instructions are register reference instructions 
and are used to control processor operation during pro- 
gram execution. Refer to the following list for control 
instructions. | 


Transfer A to X 



















Set Carry Bit 
Clear Carry Bit 
Set Interrupt Mask Bit 


— Continued — 






[Mnemonic 
TransferXtoA |X 


Clear Interrupt Mask Bit 
Software Interrupt 
Return from Subroutine 
Return from Interrupt 
Reset Stack Pointer 
No-Operation 

Stop 

Wait 





OPCODE MAP SUMMARY 


Table 5 is an opcode map for the instructions used on 
the MCU. 


ADDRESSING MODES 


The MCU uses ten different addressing modes to pro- 
vide the programmer with an opportunity to optimize the 
code for all situations. The various indexed addressing 
modes make it possible to locate data tables, code con- 
version tables, and scaling tables anywhere in the mem- 
ory space. Short indexed accesses are single byte 
instructions; the longest instructions (three bytes) permit 
accessing tables throughout memory. Short and long ab- 
solute addressing is also included. One- or two-byte di- 
rect addressing instructions access all data bytes in most 
applications. Extended addressing permits jump instruc- 
tions to reach all memory. 

The term “effective address” (EA) is used in describing 
the various addressing modes. Effective address is de- 
fined as the address from which the argument for an 
instruction is fetched or stored. 


IMMEDIATE 


In the immediate addressing mode, the operand ts con- 
tained in the byte immediately following the opcode. The 
immediate addressing mode is used to access constants 
that do not change during program execution (e.g., a 
constant used to initialize a loop counter). 


DIRECT 


In the direct addressing mode, the effective address of 
the argument is contained in a single byte following the 
opcode byte. Direct addressing allows the user to directly 
address the lowest 256 bytes in memory with a single 
two-byte instruction. 


EXTENDED 


In the extended addressing mode, the effective address 
of the argument is contained in the two bytes following 
the opcode byte. Instructions with extended addressing 
mode are capable of referencing arguments anywhere in 
memory with a single three-byte instruction. When using 
the Motorola assembler, the user need not specify whether 
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Abbreviations for Address Modes 

ha Hint e Opcode in Hexadecimal 
x Index Register 

IMM immediate Opcode in Binary 

DIR _—s—Diirect Mnemonic 7 

EXT Extended Bytes 


REL Relative 

BSC Bit Set/ Clear 

BTB Bit Test and Branch 

IX Indexed (No Offset) 

IX1 indexed, 1 Byte (8-Bit) Offset 
1X2 Indexed, 2 Byte (16-Bit) Offset 
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an instruction uses direct or extended addressing. The 
assembler automatically selects the shortest form of the 
instruction. 


RELATIVE 


The relative addressing mode is only used in branch 
instructions. In relative addressing, the contents of the 8- 
bit signed byte (the offset) following the opcode is added 
to the PC if, and only if, the branch conditions are true. 
Otherwise, control proceeds to the next instruction. The 
span of relative addressing is from —126 to +129 from 
the opcode address. The programmer need not calculate 
the offset when using the Motorola assembler, since it 
calculates the proper offset and checks to see that it is 
within the span of the branch. 


INDEXED, NO OFFSET 


In the indexed, no offset addressing mode, the effective 
address of the argument is contained in the 8-bit index 
register. This addressing mode can access the first 256 
memory locations. These instructions are only one byte 
long. This mode is often used to move a pointer through 
a table or to hold the address of a frequently referenced 
RAM or I/O location. 


INDEXED, 8-BIT OFFSET 

In the indexed, 8-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 
8-bit index register and the unsigned byte following the 
opcode. The addressing mode is useful for selecting the 
Kth element in an n element table. With this two-byte 
instruction, K would typically be in X with the address of 
the beginning of the table in the instruction. As such, 
tables may begin anywhere within the first 256 address- 
able locations and could extend as far as location 510 
($1FE is the last location at which the instruction may 
begin). 


INDEXED, 16-BIT OFFSET 


In the indexed, 16-bit offset addressing mode, the ef- 
fective address is the sum of the contents of the unsigned 


8-bit index register and the two unsigned bytes following 
the opcode. This address mode can be used in a manner 
similar to indexed, 8-bit offset except that this three-byte 
instruction allows tables to be anywhere in memory. As 
with direct and extended addressing, the Motorola as- 
sembler determines the shortest form of indexed ad- 
dressing. 


BIT SET/CLEAR 


In the bit set/clear addressing mode, the bit to be set 
or cleared is part of the opcode, and the byte following 
the opcode specifies the direct addressing of the byte in 
which the specified bit is to be set or cleared. Any read/ 
write bit in the first 256 locations of memory, including 
/O, can be selectively set or cleared with a single two- 
byte instruction. 


BIT TEST AND BRANCH 


The bit test and branch addressing mode is a combi- 
nation of direct addressing and relative addressing. The 
bit that is to be tested and its condition (set or clear), is 
included in the opcode. The address of the byte to be 
tested is in the single byte immediately following the 
opcode byte. The signed relative 8-bit offset in the third 
byte is added to the PC if the specified bit is set or cleared 
in the specified memory location. This single three-byte 
instruction allows the program to branch based on the 
condition of any readable bit in the first 256 locations of 
memory. The span of branching is from — 125 to + 130 
from the opcode address. The state of the tested bit is 
also transferred to the carry bit of the condition code 
register. 


INHERENT 


In the inherent addressing mode, all the information 
necessary to execute the instruction is contained in the 
opcode. Operations specifying only the index register or 
accumulator as well as the control instruction with no 
other arguments are included in this mode. These in- 
structions are one byte long. 
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ELECTRICAL Bi alte 


MAXIMUM RATINGS (Voltages referenced to Yss) 


| Rating ert 
Supply Voltage 


Input Voltage ac" 
Self-Check Mode (IRQ Pin Only) BE 
Current Drain Per Pin Excluding 

VpbD and Vss 










Operating Temperature Range 
MC68HCOS5C8P, FN 
MC68HCOSCSCP; CFN 
MC68HCO5C8VP, VFN 
MC68HCO5C8MP, MFN 






THERMAL taal cid 


Thermal Resistance 
Plastic 
Plastic Leaded Chip Carrier (PLCC) 


POWER CONSIDERATIONS 


The average chip-junction temperature, Ty, in °C can 
be obtained from: 


Ty=Tat (Pp * 8a) (1) 
where: _ 
Ta = Ambient Temperature, °C 
BJA = Package Thermal Resistance, 
Junction-to-Ambient, °C/W 
PD = PiInTt+Pyo | 
PINT =Icc Vcc, Watts — Chip Internal Power 
Pio = Power Dissipation on Input and Output 


Pins — User Determined 


-Vpp=4.5 V_ 


PAO-PA7, 
PBO-PB7, 
PCO-PC7, 
PD1-PD4 


PDO, PDS, PD7 2.26 k | 200 pF 


3.26 kO 


2.38 kO 50 pF 


PAO-PA7, 
PBO-PB7, 


10.91 kQ | 50 pF 
6.32 kOQ 


PCO-PC7, 
PD1-PD4 


PDO,PD5,PD7/ 6k 6 kQ 200 pF 









40 to , +85 
~40 to +105 
— —40 to +125 


Storage Temperature Range - —65 to + 150 





Syma | Value | Unit 








_ This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum-rated voltages 
to this high-impedance circuit. For proper oper- 
ation, it is recommended that Vin and Voyt be 
constrained to the range Vss < (Vjn or Vout) < 
Vpp. Reliability of operation is enhanced if un- 
used inputs are connected to an appropriate logic 
voltage level (e.g., either Vss or Vpp). 


For most applications PVO<PINT and can be neglected. 
_ The following is an approximate relationship between 
Pp and Ty (if Po is neglected): 


Pp =K (Ty + 273°C) (2) 
Solving equations (1) and (2) for K gives: 
K=Pp ° (Ta + 273°C) + 6yAsPD2 (3) 


where K is a constant pertaining to the particular part. K 


can be determined from equation (3) by measuring Pp 


(at equilibrium) for a known Ta. Using this value of K, 
the values of Pp and Ty can be obtained by solving equa- 
tions (1) and (2) iteratively for any value of Ty. 


VDD 
R2 
(See Table) 
Test 
Point 
Cc R1 
(See (See Table) 
Table) 


Figure 18. Equivalent Test Load 
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DC ELECTRICAL CHARACTERISTICS 
(Vpp = 5.0 Vdc+ 10%, Vss =0 Vdc, Ta=T_ to Ty, unless otherwise ee 


Output Voltage, I_Loaq=10.0 pA -Symbet 
= vue 0.1 


Output High Voltage 
(ILoad = 0.8 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) | 
(ILoad = 1-6 mA) PD1-PD4 (see Figure 20) 


_ Output Low Voltage (see Figure 21) 
(ILoad = 1.6 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 


Input High Voltage 
PAO-PA7, PBO-PB7, PCO- PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


Input Low Voltage 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


Data Retention Mode (0° to 70°C) 


Supply Current (see Notes) 
Run (see Figures 22 and 23) 
Wait (see Figures 22 and 23) 
Stop (see Figure 23) 
25°C 
0° to 70°C (Standard): 
—40° to +85°C 
—40° to + 125°C 


/O Ports Hi-Z Leakage Current 
PAQO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 


Input Current 
RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 

Capacitance 
Ports (as Input or Output) Cout 
RESET, IRQ, TCAP, PDO-PD5, PD7 Cin 


NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. 
3. Wait Ipp: Only timer system active (SPE =TE = RE =0). If SPI, SCI active (SPE =TE=RE=1) add 10% current draw. 
4. Run (Operating) Ipp, Wait pp: Measured using external square wave clock source (fgg¢=4.2 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, CL = 20 pF on OSC2. 

. Wait, Stop Ipp: All ports configured as inputs, Vj, =0.2 V, Viq=Vpp —0.2 V. 

. Stop Ipp measured with OSC1=Vss. . 

. Standard temperature range is 0° to 70°C. extended temperature (—40° to +85°C, — 40° to + 125°C) versions and a 25°C only 
version are available. 

8. Wait Ipp is affected linearly by the OSC2 capacitance. 





“SO O1 
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DC ELECTRICAL CHARACTERISTICS ‘ 
(Vpp =3.3 Vde + 10%, Vgg=0 Vdc, Ta=TL to Tp, unless otherwise noted) 


Output Voltage, IL_gaq<10.0 pA | 


Output High Voltage etd 
(ILoad = 0.2 mA) PAO-PA7, PBO-PB7, PCO-PC7, TCMP (see Figure 19) 
(ILoad = 0.4 mA) PD1-PD4 (see Figure 20) - 


Output Low Voltage (see Figure 21) 
(ILoad =0.4 mA) PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4, TCMP 


Input High Voltage =: 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


Input Low Voltage ae 
PAO-PA7, PBO-PB7, PCO-PC7, PDO-PD5, PD7, TCAP, IRQ, 
RESET, OSC1 


Data Retention Mode (0° to 70°C) 

























Supply Current (see Notes) 
Run (see Figures 22 and 24) 
Wait (see Figures 22 and 24) 
Stop (see Figure 24) 

25°C 
0° to 70°C (Standard) 
—40° to + 85°C 

—40° to + 125°C 


VO Ports Hi-Z Leakage Current IL 
PAO-PA7, PBO-PB7, PCO-PC7, PD1-PD4 
Input Current 
| RESET, IRQ, TCAP, OSC1, PDO, PD5, PD7 


Capacitance 


Ports (as Input or Output) 
RESET, IRQ, TCAP, PDO-PD5, PD7 























NOTES: 
1. All values shown reflect average measurements. 
2. Typical values at midpoint of voltage range, 25°C only. : 
3. Wait Ipp: Only timer system active (SPE = TE = RE=0). If SPI, SCI active (GPE=TE=RE=1) add 10% current draw. 
4. Run (Operating) Ipp, Wait Ipp: Measured using external square wave clock source (fog¢=4.2 MHz), all inputs 0.2 V from rail; 
no dc loads, less than 50 pF on all outputs, CL =20 pF on OSC2. EY 

. Wait, Stop Ipp: All ports configured as inputs, Vij =0.2 V, Viy7=Vpp — 0.2 V. 

. Stop Ipp measured with OSC1=Vss. it C20 7 

. Standard temperature range is 0° to 70°C. Extended temperature (— 40° to +85°C, —40° to + 125°C) versions and a 25°C only 
version are available. 

8. Wait Ipp is affected linearly by the OSC2 capacitance. 
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HoH! (mA) 





VppD-VOH (Volts) 


Figure 19. Typical VQH vs IQH for Ports A, B, C, and TCMP 





fou] (mA) 





0 0.2 0.4 





0.6 
Vpp-VoH (Volts) 


VoL (Volts) 


Figure 20. Typical VOH vs IQH for PD1-PD4 Figure 21. Typical Vo. vs Io for All Ports 
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(3.5 mA) 


( (2.9 mA) 
RUN 

(OPERATING) 

MODE 


3.5 





3.0 











2.5 





2.0 
< < 
OQ Q 
ia) a) 
1.5 
1.0 Ve 
0.5 | 





0 05 1.0 15 2.0 
Internal Frequency 1/tcycle (MHz) 


0 05 1.0 1.5 
Internal Frequency 1/tcycle (MHz) 


2.0 


Figure 22. Typical Current vs Internal Frequency for Run and Wait Modes 
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Ipp (mA) 





Internal Frequency (MHz) 


Figure 23. Maximum Ipp vs Frequency for Vpp = 5.0 Vdc 


(2.5 mA) 


lIpp (mA) 





internal Frequency (MHz) 


Figure 24. Maximum Ipp vs Frequency for Vpp =3.3 Vdc 
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CONTROL TIMING 
(Vpp =5.0 Vdc + 10%, Vsg =0 Vdc, TA=TL to TH) 


| Characteristic | Symbol | Min | Max | Unit 


Frequency of Operation 
Crystal Option 
External Clock Option 







Internal Operating Frequency 
Crystal (fose + 2) 
External Clock (fos¢ = 2) 


Cycle Time (see Figure 28) 480 
Crystal Oscillator Startup Time (see Figure 28) toxOv 
Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) tiILCH 


RESET Pulse Width (see Figure 28) 


Timer 
Resolution** 
Input Capture Pulse Width (see Figure 26) 

Input Capture Pulse Period (see Figure 26) 





























tRESL 
tTH tTL 
tTLTL 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) — tILIH 


Interrupt Pulse Period (see Figure 8) TILIL 


OSC1 Pulse Width tOH. TOL 


*The minimum period tL}, should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tt_ TL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 teyc. 


















osc! 


tRL 





iRO2 


tiLCH 4064 'toyc 


Ras 


Internal 
Clock ; 
Internal 
pase KXKXXKXKAXAXAKY (ieee ) 
\ney 
. RESET or Interrupt 
NOTES: Vector Fetch 
1. Represents the internal gating of the OSC1 pin. 
2. IRO pin edge-sensitive mask option. 


3. TRO pin level and edge-sensitive mask option. 
4. RESET vector address shown for timing example. 






Figure 25. Stop Recovery Timing Diagram 
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CONTROL TIMING 
(Vpp =3.3 Vde + 0.3 Vdc, Vgg=0 Vdc, Ta=TL to Ty) 


Characteristic 


Frequency of Operation 
Crystal Option 
External Clock Option 


Internal Operating Frequency 
Crystal (fosgc + 2) 
External Clock (fos¢ = 2) 


Cycle Time (see Figure 28) 
Crystal Oscillator Startup Time (see Figure 28) 


Stop Recovery Startup Time (Crystal Oscillator) (see Figure 25) 


RESET Pulse Width — Excluding Power-Up (see Figure 28) 


Timer 
Resolution** 
Input Capture Pulse Width (see Figure 26) tTH. TTL 
Input Capture Pulse Period (see Figure 26) tTLTL 


Interrupt Pulse Width Low (Edge-Triggered) (see Figure 8) tiLIH 
Interrupt Pulse Period (see Figure 8) 


*The minimum period tj, |_ should not be less than the number of cycle times it takes to execute the interrupt service routine plus 
**Since a 2-bit prescaler in the timer must count four internal cycles (teyc), this is the limiting minimum factor in determining the 
timer resolution. 
***The minimum period tTLTL should not be less than the number of cycle times it takes to execute the capture interrupt service 
routine plus 24 teyc. 





eri. — tTH Le — TL = 
External 
Signal 
(TCAP 
Pin 37) 


Figure 26. Timer Relationships 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(Vpp = 5.0 Vdc + 10%, Vgg =0 Vdc, TA=TL to Ty) (see Figure 27) | 













_. .- Characteristic Symbol 


fop(m) fop 
fop(s) MHz 







Operating Frequency 
Master . 










Cycle Time | 
Master 
Slave 









Enable Lead Time 
Master 
_ Slave 


Enable Lag Time 
Master 
Slave 


Clock (SCK) High Time 
Master 
Slave 


Clock (SCK) Low Time 
Master 
Slave 


















tw(SCKH)m 
tw(SCKH)s 





































tw(SCKL)m 
tw(SCKL)s 





Data Setup Time (Inputs) 
_ Master 
Slave 


Data Hold Time (Inputs) 
Master 





Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


Rise Time (20% Vpp to 70% Vpp, Cy. =200 pF) 
SPI Outputs (SCK, MOSI, and MISO) _ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


Fall Time (70% Vpp to 20% Vpp, CL. =200 pF) 
SPI Outputs (SCK, MOSI, and MISQ) _ 
SPI Inputs (SCK, MOS!, MISO, and SS) 














*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
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SERIAL PERIPHERAL INTERFACE (SPI) TIMING 
(Vpp =3.3 Vdc +0.3 Vdc, Vgg=0 Vdc, TA=T_ to TH) (see Figure 27) 






Operating Frequency 
Master 








Cycle Time 
Master 
Slave 


Enable Lead Time 
Master 
Slave 










Enable Lag Time 
Master 
Slave 


Clock (SCK) High Time 
Master 
Slave 


Clock (SCK) Low Time 
Master 
Slave 























tw(SCKH)m 
tw(SCKH)s 


















tw(SCKL)m 
tw(SCKL)s 






Data Setup Time (Inputs) 
Master 
Slave 


Data Hold Time (Inputs) 
Master 
Slave 










Disable Time (Hold Time to High-lmpedance State) 
Slave 


Data Valid 
Master (Before Capture Edge) 
Slave (After Enable Edge)** 


Data Hold Time (Outputs) 
Master (After Capture Edge) 
Slave (After Enable Edge) 


Rise Time (20% Vpp to 70% Vpp, Cy =200 pF) 
SPI Outputs (SCK, MOSI, and MISO) _ 
SPI Inputs (SCK, MOSI, MISO, and SS) 


Fall Time (70% Vpp to 20% Vpp, Ci =200 pF) 
SPI Outputs (SCK, MOSI, and MISO) _ 
SPI Inputs (SCK, MOSI, MISO, and SS) 





























*Signal production depends on software. 
**Assumes 200 pF load on all SPI pins. 
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SS is Held High on Master 


SCK (CPOL=#0) SEE ae 
(OUTPUT) NOTE ¥ fl. of 


SCK (CPOL=1) SEE 
(OUTPUT) 


olor i ® «he 
i, fe Cet) 


MASTER MSB OUT 


AF 
(INPUT) 













MOS! 
(OUTPUT) 


NOTE: This first clock edge is generated internally but is not seen at the SCK pin. 


a) SPI MASTER TIMING (CPHA=0) 


SS is Held High on Master 
(1) 


03) (125) 
SCK (CPOL=0) SEE 
(oureun oN Yiore 


SCK (CPOL=1) 


4) 

5) 
(OUTPUT) ae oe oar 
| | Y (2) © olbo- 


$s 
(INPUT) 


(INPUT) | 
| 


9) | 
" MASTER LSB OUT 


(2) 













MOSI 
(OUTPUT) 





NOTE: This last clock edge is generated internally but is not seen at the SCK pin. 


b) SPI MASTER TIMING (CPHA = 1) 


Figure 27. SPI Timing Diagrams (Sheet 1 of 2) 
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SS 
(INPUT) 





SCK (CPOL=0) 
(INPUT) 


hae 


-O-| 


oo 
) 
4) 
rhe 3) or 


SCK (CPOL=1) 


tt 
c 


Canes 


(OUTPUT) 


MOSI 
(INPUT) 


i 


NOTE: Not defined but normally MSB of character just received. 


c) SP! SLAVE TIMING (CPHA=0) 


SS 
(INPUT) 








aol 
Paved @ eae! 
SCK (CPOL=1 = S 
(NPUT) -o- ae 
® © 


ance ‘ rete NY SLAVE | SLAVE cl MSB OUT y BIT6-- “1K SLAVE LSB OUT 


real e 
MOS! 


NOTE: Not defined but normally LSB of character previously transmitted. 


Pane! 


oC 


d) SPI SLAVE TIMING (CPHA = 1) 


Figure 27. SPI Timing Diagrams (Sheet 2 of 2) 
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9€6-E 
VLVG YOSSIDOUdOYDIN VIOHOLOIW 


~ Vop 


OSC1* * 


Internal 
Processor 
Clock * 


Internal 
Address 
Bus* 


Internal 
Data 
Bus* 





RESET 





tVDDR 





Vpp Threshold (1-2 V Typical) © 





| AMT 


toxOv , 4064 teyc | 


| 
[$$ 


i | t 
I | ion 


_/ Op Op 
Code _ \ Code 
| tRL 








* Internal timing signal and bus information not available externally. 
* *OSC1 line is not meant to represent frequency. It is only used to represent time. 


' ***The next rising edge of the internal processor clock following the rising edge of RESET initiates the reset sequence. 


Figure 28. Power-On Reset and RESET 
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ORDERING INFORMATION 


The following information is required when ordering a 
custom MCU. The information may be transmitted to Mo- 
torola in the following media: 

MDOS™, disk file 

MS™-DOS/PC-DOS disk file (360K) 

EPROM(s) 2764, MCM68764, MCM68766, or EEPROM 
MC68HC805C4 

To initiate a ROM pattern for the MCU, it is necessary 
to first contact the local field service office, a sales person, 
or a Motorola representative. 


FLEXIBLE DISKS 


A flexible disk (MS-DOS/PC-DOS disk file), pro- 
grammed with the customer's program (positive logic 
sense for address and data), may be submitted for pattern 
generation. The diskette should be clearly labeled with 
the customer’s name, data, project or product name, and 
the name of the file containing the pattern. 

In addition to the program pattern, a file containing the 
program source code listing can be included. This data 
will be kept confidential and used to expedite the process 
in case of any difficulty with the pattern file. 


MS-DOS/PC-DOS Disk File 


MS-DOS is Microsoft's Disk Operating System. PC-DOS 
is the IBM® Personal Computer (PC) Disk Operating Sys- 
tem. Disk media submitted must be a standard density 
(360K) double-sided 5 1/4 inch compatible floppy diskette. 
The diskette must contain object file code in Motorola's 
S-record format. The S-record format is a character-based 
object file format generated by M6805 cross assemblers 
and linkers on IBM PC style machines. 


EPROMs 


A 2764, 68764, or 68766 type EPROM, programmed 
with the customer’s program (positive logic sense for 
address and data), may be submitted for pattern gener- 
ation. Since all program and data space information will 
fit on one 68766 EPROM device, the EPROM must be 
programmed as described in the following paragraph. 

Start the page zero, user ROM at EPROM address $0020 
through $004F. Start the user ROM at EPROM address 
$0100 through $1EFF with vectors from $1FF4 to $1FFF. 
All unused bytes, including the user’s space, must be set 
to zero. 

To use a 2764 or 6874 EPROM or the EEPROM in an 
MC68HC805C4, two are required. Start the page zero user 
ROM data at EPROM or EEPROM address $0020 through 
$004F in the first device. Start the user ROM data at ad- 
dress $0100 through $10FF in the first device. The re- 
mainder of the user ROM data should go from $0100 
through $10FF in the second device, with vectors from 


MDOS is a trademark of Motorola Inc. 
MS is a trademark of Microsoft, Inc. 


| Verification Media 





$0004 through $000F. The EPROM devices or EEPROM 
MCU devices should be clearly marked to indicate which 
device corresponds to which address space. 

For shipment to Motorola, EPROMs should be placed 
in aconductive IC carrier and packed securely. Styrofoam 
is not acceptable for shipment.. 


xxx = Customer !D 


All original pattern media (EPROMs or floppy disks) are 
filed for contractual purposes and are not returned. A 
computer listing of the ROM code will be generated and 
returned along with a listing verification form. The listing 
should be thoroughly checked, and the verification form 
should be completed, signed, and returned to Motorola. 
The signed verification form constitutes the contractual 
agreement for the creation of the customer mask. To aid 
in the verification process, Motorola will program cus- 
tomer supplied blank EPROM(s) or DOS disks from the 
data file used to create the custom mask. 


ROM VERIFICATION UNITS (RVUs) 


Ten MCUs containing the customer's ROM pattern will 
be sent for program verification. These units will have 
been made using the custom mask, but are for the pur- 
pose of ROM verification only. For expediency, the MCUs 
are unmarked, packaged in ceramic, and tested with five 
volts at room temperature. These RVUs are free with the 
minimum order quantity, but are not production parts. 
RVUs are not backed or guaranteed by Motorola Quality 
Assurance. 


ORDERING INFORMATION 


The following table provides ordering information per- 
taining to the package type, temperature, and MC order 
numbers for the MC68HCO5C8 device. 


Package Type MC Order Number 


Plastic 0°C to + 70°C 
(P Suffix) 


MC68HCO05C8P 
MC68HCO5C8CP 
MC68HCO5C8VP 
MC68HCO5C8MP 


— 40°C to + 85°C 
— 40° to + 105°C 
— 40°C to +125°C 


PLCC 0°C to + 70°C MC68HCO5C8FN 
(FN Suffix) — 40°C to +85°C | MC68HCO5C8CFN 
—40°C to +105°C | MC68HCO5C8VFN 
— 40°C to + 125°C | MC68HCO5C8MFN 


IBM is a registered trademark of International Business Machines Corporation. 
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PIN ASSIGNMENTS 


40-PIN DUAL-IN-LINE PACKAGE 


VDD 

OSC1 
OSC2 
TCAP 
PD7 
TCMP 
PD5/SS 
PD4/SCK 
PD3/MOSI 
PD2/MISO 
PD1/TDO 
PDO/RDI 


PCO 
PC1 


oO ON DOD ONO BRB WH — 


| 10 


ee ee ee ee ees 
oOo nO fF WB NH — 
uv UV 
omm@) 
WO RN 





—_ 
~ 
NO 
BS 
-= 
me) 
QO 
as 








NOTE: Bulk substrate tied to Vss. 
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